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TUMOURS OF THE GLOMUS JUGULARE 
BY 
R. A. HENSON, J. V. CRAWFORD, and J. B. CAVANAGH 
From the Wards and the Bernhard Baron Institute of Pathology, The London Hospital 


Although many tumours of the glomus jugulare 
have now been reported, attention has been mainly 
directed to the symptoms and signs of aural disease 
which they produce ; comparatively little interest 
has been shown in their neurological manifestations. 
In this communication we report the clinical and 
pathological findings in six patients suffering from 
tumour of the glomus jugulare who have been 
treated at the London Hospital. Five of these 
patients had certain evidence of intracranial 
extension of the tumour and this was confirmed by 
necropsy in two. 


Anatomical Considerations 


The glomus jugulare is a part of the chemoreceptor 
system, a group of small bodies or glomera which 
are found in the head, neck, and thorax in relation 
to the glossopharyngeal and vagus nerves. It has 
been established that the largest member of the 
system, the carotid body, is a chemoreceptor 
sensitive to certain chemical changes in the blood 
(Heymans and Bouckaert, 1939); it has been 
inferred on grounds of structural resemblance that 
the other members of the group have a similar 
function. Their general distribution is shown in 
Fig. 1. The structures concerned are the carotid and 
aortic bodies, glomera in association with the 
ganglion nodosum and auricular branch of the vagus 
and the glomus jugulare. They are all composed of 
rounded ‘“‘epithelioid”’ cells in small alveolar 
clusters separated by narrow capillary blood 
channels, the whole being surrounded by a little 
delicate collagenous tissue (see Fig. 16). Apart from 
the carotid body they are very small, rarely measuring 
more than 0-5 mm. in diameter, and varying in 
number and situation. 

According to Guild (1941, 1951) the glomus 
jugulare consists of one or more bodies lying in the 
adventitia of the dome of the jugular bulb. Guild 
also describes similar bodies, which may represent 
the whole of the glomus jugulare, situated along the 


course of the tympanic branch of the glossopharyn- 
geal nerve. Lundgren (1949) has suggested the name 
“tympanic body’, or glomus tympanitcum, for 
this latter group, and we have adopted his termin- 
ology. The glomus jugulare receives its innervation 
from the tympanic branch of the glossopharyngeal 
nerve and its blood supply from the ascending 
pharyngeal artery. Beyond these facts very little is 
known of the normal anatomy of the glomus 
jugulare. A full discussion of the chemoreceptor 
system and the tumours deriving from it is given 
by LeCompte (1951). 


Fic. 1.—Diagram to indicate the positions of the various bodies 
in the chemoreceptor system. Modified after LeCompte (1951). 
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Clinical Histories and Pathology 


Case 1.—A woman, age 17 (L.H. No. 43148/17), was 
first admitted to the London Hospital in October, 1914, 
with a nine months’ history of pain and left aural 
discharge following an injury. Mastoidectomy was 
performed. She continued to complain of pain in the 
left ear, and several operations for the removal of 
recurrent aural polypi were performed. In January, 1916, 
left facial weakness was first noted. At this time an 
attempt was made to remove a mass of growth in the 
external auditory meatus, but it was abandoned because 
of haemorrhage. By September, 1916, paralysis of the 
left vocal cord and left half of the tongue had appeared, 
and a mass of bluish-red growth, extending from the 
external meatus to the internal ear, was removed. She 
was admitted for the last time in December, 1917, 
complaining of severe pain in and behind the ear. 
Examination showed left facial paralysis, complete 
deafness on the left, paralysis of the left vocal cord, 
wasting and weakness of the left sternomastoid, and left 
lingual hemiatrophy with fasciculation. She was anaemic 
(Hb. 40%, R.B.C. 3,280,000 per c.mm.) and the urine 
contained albumin. She required large doses of morphia 
for the relief of her pain and died on January 17, 1918. 

The necropsy (P.M. 32.1918) may be summarized as 
follows: Purulent bronchitis; bronchiectasis of the 
posterior part of the left lower lobe ; amyloid disease of 
the liver, spleen, and kidneys ; disseminated secondary 
deposits in the liver, lungs, and spleen from a primary 
tumour of the left glomus jugulare; ascites, great 
general anasarca, and marasmus. 


Examination of the Base of the Skull.—A mass of pink 
elastic granular growth extended from the left pterygoid 
fossa to the left mandibular articulation and reached 
below to the left atlanto-occipital joint. Laterally 
it continued into the middle ear cavity and the mastoid 
antrum ; it formed nodular masses in the dura over the 
posterior aspect of the petrous bone. Its medial 
boundary was just lateral to the left fifth and seventh 
cranial nerves. The left jugular foramen was completely 
closed by growth and the lumen of the jugular vein at 
its highest part was occupied by what appeared to be 
organized thrombus. The left seventh, eighth, ninth, 
tenth, and eleventh cranial nerves were all surrounded by 
growth. The right middle ear was unaffected. No 
abnormality was noted in the brain. There was fibrous 
atrophy of the left sternomastoid muscle, but no masses 
were discovered in the neck or thorax. 

Secondary deposits (up to 1:8 cm. diameter) were very 
numerous throughout the liver and lungs, and there was 
one in the spleen. All showed a finely granular cut 
surface resembling the primary growth. 


Microscopical Examination—Three sections of the 
primary tumour only were available. It is regretted that 
no sections of the metastatic deposits were preserved, 
an oversight attributable to shortage of staff during 
the war years. 

The tumour is densely fibrous throughout (Fig. 2). 
Between the collagen bundles are numerous narrow 





trabeculae and alveojj 
of rounded and oval 
cells separated by many 
narrow vascular chan- 
nels. The cells and 
their nuclei are regular 
in size and shape, 
Mitotic figures are not 
seen. The cell cyto. 
plasm is eosinophilous 
and in Masson’s tri- 
chrome preparations 
fine fuchsinophil 
granules are demon. 
strable. In one section 
active 
nerve bundles by 
tumour cells is visible 
(Fig. 3). 


Fic. 2.—Section of the tumour in 
Case 1 to show the unusual 
degree of fibrosis. Van Gieson’s 
Stain x 64. 
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Fic. 3.—Tumour cells invading a nerve bundle in Case 1. Note the 
uniformity of the cells, and their arrangement into clusters. 
Van Gieson’s stain x 95. 


Case 2.—A man, age 56 (L.H. No. 13534/34), 
developed right-sided deafness and tinnitus in 1918 
following influenza. These symptoms persisted but did 
not progress. On August 6, 1931, he was admitted to 
the London Hospital on account of profuse bleeding 
from the right ear. Questioning revealed that he had 
noticed dryness of the right side of his tongue, and 
occipital headaches for several months. Examination 
showed freely bleeding polypi sprouting from the right 
middle ear, the drum having been destroyed. 


There was partial right facial weakness, right deafness, 
and loss of taste over the posterior third of the right side 
of the tongue. He had a right palatal paresis and paralysis 
of the right vocal cord. There was wasting and weakness 
of the right sternomastoid and upper trapezius. The 
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right half of the tongue was markedly wasted. No other 
abnormalities were found in the nervous system. 


Blood pressure was 160/125 mm. Hg. Radiographs 
of the skull and mastoids were normal. The cerebrospinal 
fluid contained 90 mg. of protein per 100 ml. but was 
otherwise normal. 


The patient was treated with deep x rays (D.X.T.), 
500 r. t.d., in two applications. He attended regularly as 
an out-patient, and in 1934 was noted as complaining of 
headache, vertigo, dysphagia, and recurrent haemorrhage 
from the right ear. A bruit was present over the right 
mastoid with visible pulsation of the overlying soft 
tissues ; this could be abolished by digital compression of 
the right carotid artery. The only change in his neuro- 
logical state was that lateral and vertical nystagmus 
was now present. He was admitted to hospital and the 
right external carotid artery was ligated in the neck. The 
bruit disappeared, pulsation in the soft tissue was less 
marked, and the aural bleeding ceased for a time. Over 
the period 1932-36 he was in addition treated with further 
courses of deep x-ray therapy, receiving an estimated 
total dosage of 6,000 r. t.d. 


His condition remained unchanged until 1938 when 
enlargement of the polypi and recurrent bleeding led to 
further deep x-ray therapy, an estimated total dosage 
of 4,000 r. t.d. being administered in courses between 
1938 and 1941. The only progression noted in his physical 
state was that anaesthesia had developed over the right 
side of the pharynx. The bruit reappeared in 1941, when 
there was an episode of transient sixth nerve weakness 
with diplopia. In 1943, the palsies of the seventh, eighth, 
ninth, tenth, eleventh, and twelfth cranial nerves persisted. 
It was noted that the facial paralysis and deafness were 
now complete, but the palatal paralysis had improved. 
Radiographs of the skull showed for the first time 
destruction of the petrous temporal bone ; there had been 
numerous previous negative films. In 1945 further aural 
bleeding was treated by deep x-ray therapy, 3,000 r. 
t.d. in 31 days, and the insertion of radon seeds into the 
growth in the internal auditory meatus. The effect of this 
was to cause the polypi to shrink to a scarred mass and 
the aural bleeding ceased for the remainder of life. 
Apart from one episode of right facial pain there was no 
alteration in the pattern of symptoms or signs curing the 
remaining years. He died at home in 1948, aged 73 years, 
30 years after the onset of symptoms, following a res- 
piratory infection. No necropsy was made. 


Microscopical examination of the fragments from the 
tight external auditory canal shows fibrous granulation 
tissue and small pieces o* tumour. The latter are composed 
of rounded cells in small clusters with many narrow 
vascular channels and a few strands of collagen. The 
nuclei are rounded and regular. No mitotic figures are 
seen. The reticulin preparation clearly shows the alveolar 
grouping of the tumour cells. 


Case 3.—A woman, age 37 (L.H. No. P.F. 74/1942), 
in 1937 developed a high-pitched tinnitus in the right ear ; 
aural examination at that time was negative. In 1940 
she noticed progressive deafness on the right and exper- 
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ienced brief attacks of vertigo. Examination revealed a 
bulging tympanic membrane overlying a solid swelling. 
Following a particularly severe vertiginous attack a 
partial mastoidectomy was performed. No operative 
details are available. After this she was completely deaf 
in the right ear, but the tinnitus and vertigo disappeared. 
She remained well until 1942 when there was an onset of 
acute pain in the right ear. This grew worse and she 
suffered bouts of vomiting. The right side of her tongue 
felt stiff and she had a constant desire to swallow. There 
was no aural discharge or bleeding at any time. 


She was admitted to the London Hospital in May, 
1943. On examination an aural polyp was seen on the 
right and a bruit was heard over the right mastoid. 
There was lateral nystagmus, total deafness on the right, 
and weakness and wasting of the right half of the tongue. 
There were no other abnormalities in the central nervous 
system or elsewhere. 


Radiographs of the skull showed a small area of erosion 
in the right petrous temporal bone. The right labyrinth 
showed no response to caloric tests. 


On May 10, 1943, Mr. W. M. Mollison and Mr. 
D. W. C. Northfield operated by a mastoid approach. A 
mass of smooth, red, vascular tumour was found filling 
the middle ear, hollowing out the petrous temporal bone 
and extending along the dura of the posterior fossa 
towards the region of the jugular bulb. The growth 
separated readily from the bone and portions were 
removed. Lumbar puncture after the operation revealed 
a clear, colourless fluid containing 200 mg. protein per 
100 ml. but otherwise normal. Her post-operative 
course was uneventful. 


She was treated with deep x-ray therapy, 5,000 r. t.d. in 
30 days, that is, from July 12 to August 11, 1943. Her 
deafness remained unaltered after treatment but all her 
other symptoms disappeared rapidly. No formal 
neurological examination has been made for several years, 
but we know the patient to be symptom-free and leading a 
normal life. 


Microscopical examination of fragments received from 
the external auditory meatus, middle ear, and posterior 
fossa all show tumour of the same composition. This 
consists of small clusters of closely packed cells with ill- 
defined borders and faintly granular eosinophilic 
cytoplasm (Fig. 4). Vacuolation occurs in many but no 
sudanophil lipoid is visible in frozen sections. Nucie 
are in general regular and rounded though hyperchromatic 
larger forms are not infrequent. Mitotic figures are very 
scarce. Separating the alveolar clusters are bundles of 
collagen fibres and vascular spaces of varying breadth. 
Large venous spaces occur frequently. Reticulin 
preparations clearly show the alveolar structure of the 
tumour (Fig. 5). 


The aural polypus is entirely composed of tumour 
except for a covering of squamous epithelium over one 
surface. 


Bone from the mastoid region contains tumour 
infiltrating the marrow spaces (Fig. 6) of the same 
composition as elsewhere. 
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readily appreciable with this stain. Note the bizarre hyper- 
chromatic nuclei. Van Gieson x 570. 





Fic. 5.—Aural polypus (Case 3) to illustrate the typical pattern of the 
tumour. Note the larger venous spaces. Laidlaw reticulin 
impregnation method x 48. 





Fic. 6.—Bone from mastoid region of Case 3 with 
marrow spaces completely occupied by tumour 


similar to that elsewhere. 
impregnation method x 108. 


Foot’s reticulin 


Case 4.—A woman, age 55 (L.H. No. 34760/5\)), was 
admitted to the London Hospital on June 29 1947. 
Twelve years earlier she had developed constant tinnitys 
in the right ear. Ten years before she noticed prog: essive 
deafness in the same ear and hoarseness of the voice. 
For six years she had suffered from mild dysphavia with 
occasional nasal regurgitation of fluids. Seven weeks 
before admission she experienced headache, vertigo, and 
unsteadiness of gait which lasted one week. 

On examination a bruit was heard over the right 
carotid and mastoid process. In the right ear a red, 
irregular swelling was seen protuding from the posterior 
wall of the external meatus (Fig. 7). There was coarse 
nystagmus to the right and fine to the left. There was 
considerable deafness of the right ear. There was loss 





Fic. 7.—Auroscopic view of polypi in Case 4. 


of sensation over the right posterior pharyngeal wall 
and posterior part of the soft palate. The palatal and 
pharyngeal reflexes were lost on the right. There was 
marked weakness of the right palate and paralysis of the 
right vocal cord. The right sternomastoid and trapezius 
showed advanced wasting and weakness. There was gross 
right lingual hemiatrophy with fasciculation. A mild 
degree of cerebellar ataxia was observed in the upper 
limbs, right more than left. 

Blood pressure was 170/100 mm. Hg. Radiographs of 
the skull and internal carotid and vertebral angiograms 
were negative. The cerebrospinal fluid was under a 
pressure of 250 mm. of water and contained 160 mg. 
of protein per 100 ml. Caloric tests showed reduced 
excitability of the right labyrinth. 

On July 22, 1947, acerebellar exploration was performed 
by Mr. D. W. C. Northfield, exposing a nodular, highly 
vascular tumour broadly adherent to the dura in the right 
cerebellopontine angle. It was clearly inoperable, 
chiefly on account of its extent, as it appeared to pass 
anterior to the medulla and pons. A biopsy was taken. 
The post-operative course was uneventful and without 
alteration in her neurological state, apart from a slight 
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lower left facial weakness, which has persisted. She was 
given deep x-ray therapy, 3,500 r. t.d., in 28 days from 
September 19 to October 17, 1947. 

Since that time the patient has remained very well, 
complaining only of deafness and minimal tinnitus and 
showing some signs of objective improvement. When seen 
in August, 1952, there was slight lateral nystagmus and 
her deafness was unchanged. The right side of the palate 
remained weak and the sternomastoid was wasted and 
inactive. The trapezius had normal power. The right side 
of the tongue showed ridging only and no fasciculation. 
Her voice remained hoarse, but the dysphagia had 
disappeared. There was no bruit over the mastoid. 
Minimal ataxia of the right upper limb persisted. A 
slight bulging of the posterior wall was the only 
abnormality seen in the right auditory meatus. 

Fragments from the posterior fossa of the skull were 
examined microscopically. 

The tumour is composed of sheets of pale-staining, 
often vacuolated, cells (Fig. 8), broken up by a few bands 





Fic. 8.—The cluster arrangement of the cells (Case 4) is not 
clear with this stain. Note the variation in nuclear size 
and the cytoplasmic vacuolation. Haematoxylin and 
eosin x 435. 





Fic. 9.—Reticulin impregnated to demonstrate the alveoler 
arrangement in Case 4. Note the large venous spaces. 
Foot’s reticulin impregnation method x 70. 


of dense collagen. Reticulin preparations show a 
pronounced alveolar pattern (Fig. 9) not distinctly 
evident in the haematoxylin and eosin preparations. The 
tumour cells are poorly outlined. Their nuclei, though 
round and fairly regular, not uncommonly exhibit 
larger forms, some of which are hyperchromatic. Mitotic 
figures are not seen. 


Case 5.—A man, age 29 (L.H. No. 29615/49), was 
admitted to the London Hospital on November 19, 1951. 
Eight years previously he had been struck on the right ear, 
after which deafness and aural discharge developed. He 
attended hospital for treatment ; the discharge ceased 
after five months but the deafness persisted. 

In June, 1949, he attended the neurological department 
of this hospital complaining of double vision which had 
followed a recurrence of the right aural discharge. 
Examination revealed a right sixth nerve palsy and no 
other abnormality. He attended irregularly until he was 
admitted as an emergency with acute suppuration of the 
right ear. 

Examination showed a polypoid mass in the right ear 
with much purulent discharge. The right sixth nerve 
palsy was still present with slight right facial weakness 
and considerable right deafness. A mastoidectomy was 
started but abandoned because of profuse bleeding from 
soft tissue and bone. A biopsy was made of the polyp. 
Recovery was uneventful. Radiographs of the skull and 
mastoid region showed no erosion of bone. The 
cerebrospinal fluid was normal with 20 mg. protein per 
100 ml. 

Following discharge from hospital the patient again 
defaulted and has not received the deep x-ray therapy 
planned. 
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Fic. 10.—Low power view to show rounded cell 
clusters embedded in fibrous granulation tissue 
(Case 5). Haematoxylin and eosin x 64. 


Microscopical examination of the aural polypus shows 
fibrous granulation tissue in the centre of which are 
rounded clusters of cells surrounded by narrow capillary 
channels (Fig. 10). Higher magnification demonstrates 
gross vacuolation of the cytoplasm of the tumour cells 
(Fig. 11), the outlines of which are poorly defined. 
The nuclei are regular and rounded. No mitoses are seen. 














Fic. 11.—High power view on one alveolus (Case 5) edged by flattened 
capillary endothelial cells. Note the marked cytoplasmic 
vacuolation. Haematoxylin and eosin x 600. 





Case 6.—A woman, age 63 (L.H. No. 9601/52), was 
admitted to the London Hospital on March 14, 1952. 
Four years before this she had developed right-sided 
deafness, tinnitus, and otorrhoea, which she related to a 
mild occipital head injury. Her aural symptoms did not 
improve and one year later a polyp was removed from the 
right ear. She began to have occipital headaches which 
progressed and were associated latterly with vomiting 
and neck stiffness. For 10 months she had been having 
severe attacks of vertigo, and her legs had felt weak 
and unsteady. For six months 
dysphagia, hoarseness, and 
occasional diplopia had been 
present. She also noticed numb- 
ness of the right face, dryness of 
the right side of the tongue, and 
difficulty in coughing. 


Examination on admission 
showed a drowsy, obese woman. 
There was a purulent discharge 
from the right ear, which was 
filled with pinkish-grey polypi. 
There was a bruit over the right 
mastoid. There was weakness of 
both external recti, right more 
than left. The right corneal 
reflex was absent and there was 
impaired sensation in all divisions 
of the right trigeminal nerve and 
motor weakness of the same 
nerve. There was right facial 
weakness of peripheral type. She 
had considerable deafness on the 
right. Palatal and pharyngeal 
sensation was lost on the right. 
There was bilateral palatal weak- 


; 4 great vascularity. 
ness and paralysis of the right 


running into it. 
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vocal cord. The right sternomastoid and trapeziys 
were wasted and weak and there was right lingual 
hemiatrophy with fasciculation. Cerebellar ataxia was 
present in all four limbs, right more than left. 
Her gait was ataxic and she staggered to the right, 
All the tendon reflexes were exaggerated, the abdominal 
reflexes were absent, and the plantar responses were 
extensor. There was no sensory loss in the limbs. 
Blood pressure was 180/120 mm. Hg and the heart was 
slightly enlarged. , 


Lumbar puncture gave a spinal fluid under 220 mm. 
pressure and containing 140 mg. protein per 100 ml. 
Radiographs of the skull, including tomograms of the 
petrous temporal bones, were normal, and vertebral 
and internal carotid angiograms showed no abnor- 
mality. 


The neurological state was considered to indicate 
advancing bulbar compression, and on April 2, 1952, 
Mr. D. W. C. Northfield performed a cerebellar ex- 
ploration, revealing a reddish, nodular, highly vascular 
tumour with a broad sessile attachment to the dura at 
the site of the right jugular foramen (Fig. 12). There 
was marked compression and displacement of the right 
cerebellar lobe. It was felt that only by extirpation of the 
mass could adequate decompression be achieved, and 
therefore radical removal of all the tumour presenting 
within the posterior fossa was performed. It was noted 
that the right vertebral and basilar arteries were in 
contact with the tumour mass, but no larger branches 
entering the tumour were seen. Numerous large veins 
traversed the growth however, and these had to be 
sacrificed in the removal. The patient died on the 
sixteenth day after operation. 





Fic. 12.—Sketches of Case 6 done during the operation illustrate the size of the turnour and its 
On the right the tumour has been excavated and nerve roots are seen 
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Fic. 13.—Diagrammatic sketches of two parasagittal sections of the 
right petrous bone in Case 6; (a) through the lateral part of the 
foramen jugulare ; (b) through its medial part. In the former 


The necropsy (P.M. 159.1952) may be summarized as 
follows :—Inhalation of vomit; partial infarction of 
the brain stem ; recent operation for partial removal of a 
tumour of the right glomus jugulare. 


Examination of the Skull.—Replacing the dura over an 
area (2-5 cm. 2-5 cm. diameter) in the anterior wall of 
the right side of the posterior fossa was a soft haemor- 
rhagic tumour spreading beneath the dura to reach the 
porus acousticus internus above, and the intradural 
course of the right sixth nerve medially ; laterally it 
completely occupied the lower three-quarters of the 
sigmoid sinus, while below it reached almost to the edge 
of the foramen magnum, having destroyed the bone 
between the foramen lacerum and the anterior condylar 
canal. The twelfth nerve was involved in this medial 


extension. Serial parasagittal slices of the right petrous: 


bone, made after decalcification in formic acid, revealed 
that the tumour bulged downwards, expanding the 
jugular foramen, and invaded the lumen of the internal 
jugular vein to form a firm pink and cream tongue of 
tissue (2-3 cm. long x 0-5 cm. broad), resembling ante- 
mortem thrombus, lying free within the lumen of the 
vein, but firmly attached to the main tumour above 
(Fig. 13a). The ninth, tenth, and eleventh nerves and the 
jugular vein disappeared into the tumour above (Fig. 13b). 
Anteriorly the tumour had destroyed the ridge between 
the jugular and carotid openings, and, coming into con- 
tact with the adventitia of the internal carotid artery, 
bulged forwards lateral to it towards the pterygoid fossa 
and the temporo-mandibular articulation. It had 
destroyed most of the inferior surface of the petrous 
bone. The growth continued into the middle ear cavity, 
which it completely filled. It did not penetrate the thin 
tegmen tympani but extended outwards to form a 
polypus in the external auditory meatus. The internal 
ear was intact. The mastoid bone was densely sclerotic 
but did not contain tumour. 

The brain was hardened for several weeks in formalin. 
There was a broad depression filled with blood clot and 
fibrin foam in the region of the right cerebellopontine 
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the tongue of tumour that lay within the jugular vein]is shown. 
Above it the tumour is bulging into the pterygoid fossa. 


angle. Running into the clot to become lost in its sub- 
stance were the right anterior inferior cerebellar artery, 
a delicate anomalous branch arising 0-4 cm. caudally 
from the basilar artery, and the anastomotic branch 
from the posterior inferior cerebellar artery. At the edge 
of this emerged the flattened nerve roots of the fifth to 
eleventh cranial nerves inclusive ; in its floor lay part of 
the pons, the inferior and middle cerebellar peduncles, 
and the adjacent portion of the cerebellum. The whole 
brain stem had been shifted rostrally and to the left. 
The right twelfth nerve roots were separated from the 
depression by the prominence of the olive on that side. 
The ninth, tenth, and eleventh roots had been severed 
at operation. 

Transverse sections of the cerebellum and brain stem 
revealed softening around the edge of the cavity in the 
outer two-thirds of the inferior and middle cerebellar 
peduncles and the adjacent pons and cerebellum. 

No abnormality was found in the rest of the brain. 

No metastatic deposits were discovered in any organ.. 
The carotid bodies were of normal size. No aortic or 
pulmonary mass was found nor was there any 
abnormality in the left jugular foramen or middle ear. 


Microscopical Changes.—Sections of the tumour from 
the operation specimen were distinctly more congested 
than those from the post-mortem tissues. The tumour is 
composed of closely packed irregular cells (Fig. 14) in 


_rounded alveoli or in trabeculae separated by broad 


vascular channels lined by flattened endothelial cells. 
The nuclei of the tumour cells are mostly rounded with a 
finely granular chromatin pattern and are of fairly 
regular size. Large bizarre and hyperchromatic forms 
are, however, not infrequent. Cytoplasmic vacuolation is 
conspicuous but no lipoid or glycogen is demonstrable. 
Numerous fine fuchsinophil granules in the cytoplasm 
of many tumour cells are seen with Masson’s stain, and 
silver impregnation of the reticulin fibrils demonstrates 
distinctly the pattern of the tumour cells (Fig. 15). 
Large venous channels containing a few elastic fibrils in 
their walls are common, but arterial channels are not 
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Fic. 14.—A vascular channel in Case 6 is seen separating 
two clusters of tumour cells. A few hyperchromatic 
nuclei are visible. Cell outlines are indistinct. 
Haematoxylin and eosin x 470. 





Fic. 15.—Preparation from Case 6 showing 
reticulin fibrils confined to the vascular 
channels and outlining the clusters of 
tumour cells. Foot’s reticulin impreg- 
nation method x 74. 





Fic. 16.—Normal glomus of the right ganglion nodosum in Case 6. 
Van Gieson’s stain x 210. ihas 


conspicuous in the tumour. In view of this great vas. 
cularity it is not surprising that many fine haemosiderin 
granules occupy macrophages. 


At its periphery the growth is circumscribed by a zone 
of dense collagen, often infiltrated by alveolar clusters 
of tumour cells. At the jugular foramen the tumour is 
growing into the lumen of the internal jugular vein 
where it composes the whole of the tongue of tissue 
already described. The alveolar arrangement, the 
vascular spaces, and the bands of collagen are here 
identical with the tumour elsewhere. This could well 
have been a potential source for tumour emboli. 


Below the limits of the tumour attached to the capsule 
of the ganglion nodosum of the vagus is a normal 
glomus vagale (Fig. 16). 


The area of ischaemic necrosis of the brain stem is 
confirmed by the sections and microglia are active at its 
periphery. No tumour was found in direct association 
with the brain, either in the operation area or elsewhere, 


Sections from the pituitary gland, the adrenal gland, 
the pancreas, both carotid bodies, and the left jugular 
dome do not show any significant abnormality. 


Discussion 


The site of the glomus jugulare enables a tumour 
arising from it to extend through the thin floor 
of the tympanum or into the posterior fossa. The 
clinical facts suggest that the middle ear is generally 
invaded first. In two of our cases the full development 
of the tumour by local extension jwas found at 
necropsy ; similar observations have; been made by 
Kipkie (1947), Lattes and Waltner (1949), and 
Poppen and Riemenschneider (1951). There can 
be little doubt that these tumours «rose from the 
glomus jugulare. There are also repdrts of tumours 
which have been found at operation to fill the 
tympanic cavity and extend through the tympanic 
floor to the jugular bulb (e.g. Roserwasser, 1945 ; 
Lundgren, 1949). These neoplasnhs presumably 
represent an early stage in the development of 
glomus jugulare tumours, although {they might be 
regarded as an extension of a third group, namely 
those in which the tumour is found solely within 
the tympanum and the tympanic floor is intact. 
Such cases have been described by s¢veral workers. 
(e.g., Capps, 1944; Winship and kLouzan, 1951). 
Winship and Louzan suggest that jthese growths 
arise from the tympanic body, and thejterm tympanic 
body tumours, originally proposed ;jby Lundgren, 
should be reserved for them. Black (1952) states 
that about one half of all cranial glomus tumours 
arise from the dome of the jugular! bulb and the 
remainder from the glomera within the temporal 
bone. | 
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TUMOURS OF THE GLOMUS JUGULARE 


Clinical Features.—Cranial glomus tumours are 
five times commoner in women than in men (Capps, 
1952). The age at onset of symptoms has varied 
from 17 to 80, but the incidence is greatest in the 
fifth and sixth decades. Although it is unlikely 
that trauma bears any aetiological relationship 
to the tumours it is noteworthy that in two of our 
patients, Cases 1 and 5, symptoms first appeared 
after trauma to the affected area, and in a third 
they followed a mild occipital head injury (Case 6). 
Tumours of the cranial glomera may be associated 
with growths of the carotid or aortic bodies 
(Kipkie 1947; Bartels, 1949; LeCompte, 1951). 
Bartels has reported the occurrence of tumours of 
the glomus jugulare, the carotid body, or of both 
in members of three generations of one family. 

The clinical picture presented by these tumours 
naturally varies with the origin of the growth. 
When it arises from the tympanic body the presenting 
symptoms are otological. Again, when the tumour 
originates from the glomus jugulare the initial 
symptoms are aural. Exceptionally the presenting 
complaints are due to intracranial extension, for 
example hoarseness due to vagal involvement as in 
Capps’ (1952) Case 5. Thus in tumours of the 
glomus jugulare and glomus tympanicum haemor- 
rhage from the ear, purulent otorrhea, aural pain, 
cochlear and, less constantly, vestibular disturbances 
are the usual complaints. On auroscopy vascular 
polypi are seen either deep to or bulging through the 


drum. With tumours of the glomus jugulare, how- 


ever, symptoms and signs of intracranial extension 
frequently arise, though their appearance may be 
delayed for many years. An analysis of 77 reported 
cases of tympanic and jugular glomus tumours, 
including our six cases, shows that 31 (40%) had 
certain evidence of intracranial extension ; 11 of the 
31 cases were reported by Bartels (1949) and five 
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are ours. We have excluded our fifth patient as his 
sixth nerve palsy may well have been due to a 
venous thrombosis secondary to his aural infection ; 
moreover the site of origin of his tumour is not 
certain. 

The neurological picture presented by our patients 
is in accord with previous reports, very few of which 
have been made from the neurological standpoint. 
Several neurosurgeons have recorded their ex- 
periences of single cases (Poppen and Riemen- 
schneider, 1951; Dockerty, Love, and Patton, 
1951; Alexander, Beamer, and Williams, 1951), 
but these are the only reports from neurological 
sources. Bartels (1949) gives an exhaustive account 
of his 11 patients who showed the various patterns 
of cranial nerve palsies described below. The salient 
facts regarding our cases are summarized in Table I. 
The initial symptoms were invariably aural, neuro- 
logical symptoms following in from two to 13 
years. Nevertheless three patients were referred 
directly to the neurological clinics (Cases 4, 5, 
and 6). The earliest neurological complaints have 
been dryness or stiffness of the tongue, a sensation 
of irritation in the pharynx, dysphagia, and 
aphonia. Headaches, vomiting, and failure of 
vision were the only manifestations of intracranial 
extension in Dockerty and his colleagues’ (1951) 
patient. Two patients complained of trigeminal 
pain or sensory disturbance, symptoms which have 
been reported by other observers and which may 
arise in the absence of signs of involvement of the 
nerve. Two patients also complained of diplopia 
and ataxia. 

Examination has usually revealed paralysis of 
the seventh to twelfth cranial nerves on the affected 
side, but the fifth and sixth nerves may also be 
attacked. Table II shows the frequency of individual 
cranial nerve palsies in the 31 recorded cases. The 


TABLE I 
LENGTH OF CLINICAL COURSE IN PRESENT SERIES 





























Patient | pate Sex | Neurological Signs | —— | Hiness (yrs, C.S.F. Changes 
1 | 17 | Female| 7, 8,9, 10, 11, 12 cranial nerve palsies | Yes | 4Died | pa 

ia} iad 43 Male 6, 7, 2,9, 10, 11, 12 cranial nerve palsies ; nystagmus ; bruit Yes | 30 Died | 90 mg. % protein 
8) a 31 Female | *8, 12 cranial nerve palsies ; nystagmus ; bruit | Yes | 15 Alive | 200 mg. % protein 
4 43 Female} *8, 9, 10, 11, 12 cranial nerve palsies ; nystagmus; ce1e- Yes 17 Alive Pressure 250 mm. 
bellar ataxia ; bruit | 7 160 mg. % protein 
cs 19 Male 6, 7, *8 cranial nerve palsies Yes | 10 Alive 20 mg. % protein 
ie 59 Female | 5, 6, 7, 8, 9, 10, 11, 12 cranial nerve palsies ; nystagmus ;| Yes 4 Died Pressure 220 mm. 
oo cerebellar ataxia ; pyramidal signs ; bruit | 140 mg. % protein 

















*In these cases it is uncertain whether nerve deafness was present. 
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TABLE II 


FREQUENCY OF CRANIAL NERVE PALSIES IN 31 
REPORTED CASES OF TUMOUR OF THE GLOMUS 
JUGULARE 





Cranial Nerve Vv | VI | Vil IX | X | XI |X 








Number of Patients with 
Palsies 

















6|7|19 26 | 20 | 18 | 26 





hypoglossal nerve is often attacked before the 
ninth, tenth, or eleventh nerves, as in our third 
patient and in others reported by Bartels (1949). 
This unexpected finding can only be attributed to 
the fortuitous pattern of nerve compression and 
invasion by the tumour. Sometimes the ninth, 
tenth, or eleventh nerves are the first to be involved. 
Deafness is nearly always present before frank 
neurological signs develop, but there are occasional 
exceptions. It is not possible to ascertain from the 
clinical records how frequently the auditory nerve 
itself is affected. We did not find papilloedema in 
any of our patients, nor have we traced any reports 
of its presence. Nystagmus was a frequent finding. 

On the motor side two of our patients showed 
signs of cerebellar disorder, as did those of Winship, 
Klopp, and Jenkins (1948) and Alexander and 
others (1951). Pyramidal signs were found in our 
last patient and also in two of Bartels’ cases. 
Poppen and Riemenschneider’s (1951) patient had 
weakness and hypoaesthesia of the contralateral 
side, presumably the result of bulbar compression, 
besides nystagmus and cranial nerve palsies. 

In all our patients vascular aural polypi were 
seen in the affected ear, chronic suppuration being 
present in two instances. A bruit was heard over 
the mastoid process in four cases, but it was only a 
source of annoyance in the second patient. Occa- 
sionally a bruit is the presenting or dominant 
symptom (Semmes, 1951). 

The variable length of the clinical course pursued 
by these tumours is well shown by our patients 
(Table I). Survival for 20 years is not uncommon 
(Black, 1952). It appears that the length of the 
illness depends upon the variable local malignancy 
of the tumours, their rare liability to metastasize, 
and the nature of treatment. Radical surgery has 
been associated with a high mortality on the few 
occasions it has been attempted. Recurrence of 
glomus tumours involving the middle ear after 
apparent removal has been frequently observed 
(e.g. Lundgren, 1949). Presumably the intracranial 
growths may behave in similar fashion. 

The common clinical picture is therefore that of a 
relatively benign tumour which, after an initial 
period of otological symptoms, proceeds to a slowly 
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progressive succession of palsies of the lower c: ania} 
nerves. Ipsilateral cerebellar signs are sonictimes 
found but pyramidal disturbances are unconimon, 
Sensory disorders and symptoms of increased 
intracranial pressure are rare. 


Investigations.—The important investigation js 
biopsy of the aural polyp, care being taken to obtain 
an adequate specimen. The cerebrospinal fluid may 
be under increased pressure and the protein content 
is usually raised (Table 1). Radiography of the 
skull has proved of limited value in our experience, 
Bartels (1949) and others have described the erosion 
of the petrous bone and enlargement of the jugular 
foramen which may be found. The radiographs 
of our second and third patients showed erosion 
of the petrous bone. Nevertheless it was not until 
25 years after the onset of symptoms that radio- 
logical changes became apparent in the second case. 
Alexander and others (1951) were able to de- 
monstrate the tumour in their patient by external 
carotid angiography. We have performed internal 
carotid and vertebral angiograms in two patients 
without displaying any abnormality of the vascular 
tree. This finding supports the contention that the 
blood supply of the tumour is mainly from the 
external carotid artery. 


Differential Diagnosis.—There is usually no 
difficulty in reaching the correct diagnosis of these 
tumours as the characteristic aural polypi are 
generally visible by the time neurological symptoms 
and signs have appeared. In the earlier stages the 
polypi may be less easily discernible, there being a 
mere redness of the ear drum, without bulging of the 
membrane or protrusion of the tumour. Confusion 
might conceivably arise when a simple aural polyp 
occurred in the presence of some other intracranial 
tumour of similar location, but biopsy would 
provide the correct answer. From our own experi- 
ence we would stress the liability of patients to 
forget their aural symptoms. These were sometimes 
elicited only after auroscopy had revealed the 
presence of polypi and further questioning had been 
undertaken. 


Histological Diagnosis.—The relative uniformity 
of the histological picture of tumours of the 
chemoreceptor system is one of their outstanding 
features, particularly when reticulin preparations are 
examined. From the descriptive standpoint there 
is little to add to that already written by Lattes 
and Waltner (1949), Berg (1950) and LeCompte 
(1951). However, variations do occur—especially in 
the proportion of vascular to tumour cells. Very 
vascular tumours have not infrequently in the past 
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been misdiagnosed as haemangeioendothelioma 
(Berg, 1950; Capps, 1944) and when the tissue is 
taken from the posterior fossa haemangeioblastoma 
of the cerebellum must naturally be considered as an 
alternative diagnosis. Case 4 was such an instance. 
With routine stains it was difficult to discern any 
clear-cut pattern in this tumour ; vascular spaces, 
endothelial cells and tumour cells appeared intimately 
mixed. The pattern brought out by reticulin 
staining identified the true nature of the tumour, for 
an arrangement such as described is not a feature of 
haemangeioendothelioma. Nevertheless it must be 
recognized that distinction is at times difficult on 
purely histological grounds and the situation of the 
tumour must be taken into account in instances 
where doubt arises. 


A further point of differential diagnosis must be 
made from angiomatous meningioma since this 
tumour, when lying in the posterior fossa, most 
often arises from the region of the sigmoid sinus. 
Both tumours are exceedingly haemorrhagic, but the 
difference in the appearances of the cells and the 
characteristic arrangement of each type of tumour 
should serve to separate them. Moréover jugular 
body tumours invariably invade the middle ear ; 
meningiomas must do so very rarely, if at all. 


Attempts have been made in this series to correlate 
degree of invasiveness with atypical appearances of 
the cells. The material from Cases 2 and 5 was too 
scanty to be of value, but in the remainder large and 
hyperchromatic nuclei occurred with about equal 
frequency, except in Case 1. This latter tumour 
developed with the same rapidity as had that of Case 
6 and had produced widespread metastatic deposits, 
yet the tumour cells looked the least atypical. 
Further, atypical nuclei were moderately conspicuous 
in Cases 3 and 4 both of which, though they showed 
local invasiveness, were clinically slowly growing 
neoplasms. It is apparent therefore that in the 
assessment of prognosis histology may be of little 
service. 


Metastasis and Multiple Tumours.— Metastatic 
deposits from these.tumours are rare. Lattes and 
Waltner (1949) found deposits in the liver in one 
case. Winship and others (1948) discovered 
secondary tumour in cervical lymph nodes in one 
case that did not come to necropsy. Our Case 1 
thus makes the third example. In none of these 
three cases was the histology in any way remarkable, 
except a certain excess of collagenous stroma in the 
case presented here. It is possible that a potent 
source of secondary, blood-borne deposits is invasion 
by the tumour of the lumen of the internal jugular 
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vein ; this was present in both our necropsied cases. 


On the other hand mention should be made of the 
not infrequent occurrence of multiple tumours, 
a fact that may cause some confusion unless 
recognized. Of interest in this connexion is one of the 
earliest reported examples of a jugular body tumour 
that was diagnosed as a metastasis from a carotid 
body tumour on the same side (Lubbers, 1937). 
Both Kipkie (1947) and Bartels (1949) reported 
other examples. Aortic and vagal body tumours 
have occurred together and so have carotid and 
vagal body tumours (Lattes, 1950). Tumours of 
both carotid bodies and the left jugular body were 
described in one patient by Lattes and Waltner 
(1949). The situations of these tumours should be the 
chief clue as to their true nature. 


Treatment.—When these tumours are diagnosed 
at an early stage treatment will be in the hands of 
otologists to whom the patients will usually be 
referred. When intracranial extension of the 
tumour brings the patient under the care of the 
neurologist or neurosurgeon the decision on treat- 
ment rests between surgery and radiotherapy 
(deep x-ray therapy). Our own experience and that 
of others (e.g. Dockerty and others, 1951 ; Poppen 
and Riemenschneider, 1951) leads us to suppose 
that radical surgery has no present place in the 
treatment of these cases. The situation and 
vascularity of the tumours render any surgical 
approach extremely hazardous. Semmes (1951) 
stated that he had one patient in whom complete 
removal of the intracranial part of a glomus 
jugulare tumour was achieved “ as far as could be 
determined ”’. This is the only recorded example of 
survival after radical extirpation that we have 
traced. Suboccipital decompression may well be of 
value when cerebellar or bulbar compression is 
present. Ligature of the external carotid artery may 
be helpful in suppressing a troublesome bruit. 


Alexander and others (1951) and Capps (1952) 
have reported early results of deep x-ray therapy 
which they regard as encouraging. Our own 
experience of it has been satisfactory to date. We can 
draw no conclusions from our second patient to whom 
deep x-ray therapy was largely given before the 
development of modern radiotherapeutic techniques, 
though it is clear that the last course of treatment 
was effective in reducing the size of the aural 
growth and in preventing haemorrhage. The 
favourable results in our third and fourth patients 
are apparent from the case reports. Objective 
evidence of improvement in the neurological status 
is recorded in Case 4. Surveillance for many years is 
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clearly necessary in view of the character of the 
tumours. 


Summary 


The clinical and pathological findings in six cases 
of tumours of the glomus jugulare are described. 

The neurological aspects of their natural history 
are discussed. 


We wish to thank Sir Russell Brain and Mr. D. W. C. 
Northfield for permitting us to publish the clinical 
records of their patients. Our thanks are also due to 
Professor D. S. Russell for her interest and advice on the 
pathological aspects of these cases. The photographic 
material was prepared by Mr. John King of the Photo- 
graphic Department, London Hospital. 
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THE PATHOLOGICAL REPORT OF A CASE OF 
PHENYLPYRUVIC OLIGOPHRENIA 


BY 


J. A. N. CORSELLIS 
From Runwell Hospital, Wickford, Essex 


The urinary excretion of phenylpyruvic acid by 
mental defectives was first described by Folling 
in 1934. Since then it has been found to occur in 
about 0-5% of all mental defectives living in 
institutions. The condition has been widely studied 
from the biochemical and from the genetic points of 
view but less attention has been paid to the 
pathology. There appear so far to be 11 cases 
recorded in which any such report has been made 
and in the earlier ones no significant abnormality 
was found in the central nervous system. More 
recently, however (Alvord, Stevenson, Vogel, and 
Engle, 1950), it has been suggested that myelination 
is affected and it may therefore be of interest to 
report a case which does not entirely support this 
view. 

Clinical History 

The patient, R.C., was a female idiot, aged 25 at 
death. She was first admitted to Littlkemore Hospital, 
Oxford, at the age of 7 with the report of having been 
mentally defective from a very early age. At the time of 
her admission in 1934 she was described as a well ncur- 
ished child with straw-coloured hair and blue eyes. She 
had a broad palate and no ear lobules but apart from 
slight scarring at the angle of the mouth no skin 
abnormality was present, nor was any subsequently 
noted. She was epileptic, having both major and minor 
fits at frequent but irregular intervals. She was doubly 
incontinent. Her highest achievement was to feed 
herself and she could recognize her own name. On 
examination the lower limbs were slightly spastic and her 
gait was unsteady. All her voluntary movements were 
clumsy and uncoordinated. 

In other respects her physical state appeared normal 
but in 1936 she was found to be excreting phenylpyruvic 
acid in the urine and this was consistently present in 
subsequent tests. Her blood Wassermann reaction on 
admission was negative. 

From the time of her admission until her death 18 
years later her mental state remained much the same—for 
the most part a cheerful idiot but at times a vicious one. 
She was inaccessible, untrainable, and resisted all 
examination. After the first few years the epilepsy was 
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well controlled by phenobarbitone and no further fits 
occurred. 

Her physical growth proceeded normally; her 
weight increased, menstruation started when she was 15, 
and breast development was normal. In 1950 she 
developed lobar pneumonia which rapidly responded 
to penicillin and for two years she was in good health. 
In February, 1952, a similar attack occurred which again 
responded at once with complete recovery. Three months 
later, however, on May 4, she developed moderate 
pyrexia (101°F.) with slight facial twitching but she 
could not be examined. At this time the blood picture 
was normal and the blood urea concentration was 28 
mg./100 ml. Four days later (May 8) the temperature 
had increased to 103°. A lumbar puncture produced 
a normal cerebrospinal fluid under normal pressure. A 
few hours before death on the following day the tem- 
perature rose to 106°. 

The patient was the second of four children; the 
eldest was a boy and then followed three girls. The 
youngest child at the time of examination was 2 years 
old and appeared normal. The other three children were 
all defective, the boy an imbecile, and the two girls (one 
the patient) were both epileptic idiots and excreted 
phenylpyruvic acid in the urine. 

There was no history of mental defect, insanity, 
or epilepsy in either the parents or grandparents, or as 
far as is known, in any member of these preceding 
generations. 


Post-mortem Examination.—This was carried out by 
Dr. Hagedorn 17 hours after the patient’s death, and I am 
very grateful to him for his report. 

The body was that of a well nourished girl. 

A small amount of fluid was present in the pericardial 
sac. The heart was moderately dilated, with consequent 
thinning of the wall of the left ventricle. Microscopically 
the myocardium showed a mild degree of parenchymatous 
degeneration. 

The thyroid appeared normal micrescopic4lly. 

The lungs showed slight pulmonary,emphysema. 

A small amount of fluid was presefit in the peritoneal 
cavity. The spleen was slightly enlarged and soft; 
microscopically the pulp appeared moderately congested. 
The liver showed slight parenchymatous degeneration 


139 








140 


microscopically. All other organs appeared normal to the 
naked eye. 

It was noted that the skull-cap was unusually thick. 
The brain and spinal cord were removed and fixed in 
10% formalin. 

The weight of the fixed brain was 1,175g. Over the 
convexity, the general appearance of the meninges and 
blood vessels and the configuration of the gyri were 
normal. At the base, however, there was some localized 
swelling of the right hippocampal gyrus and uncus. A 
coronal cut made through the hippocampal gyri at this 
level did not show any anatomical abnormality. 

In the right occipital lobe there were a few small 
(about 5mm. across), coalescing patches of greyish 
discoloration of the white matter lying caudal to the 
posterior horn and beneath the cortex of the convexity 
(Fig. 1). 





Fic. 1.—A few greyish patches in the white matter underlying the 
cortex of the convexity of the right occipital lobe. 


The macroscopic appearance of the brain stem and 
spinal cord was normal but on both sides of the 
cerebellum there were patches of dark-brown staining of 
the meninges and of the underlying folia and white 
matter. 


Microscopical Appearances.—Celloidin blocks were 
prepared from the left frontal areas and the left motor 
cortex ; from both occipital and both temporal lobes to 
include Ammon’s horn. Bilateral blocks were taken 
from the basal ganglia, the optic chiasma, the mid- 
brain, pons, medulla, and both sides of the cerebellum. 
Blocks from the spinal cord were taken at mid-cervical, 
mid-thoracic, and the twelfth thoracic levels. 

Sections were stained with cresyl violet, haematoxylin 
and eosin, iron haematoxylin and van Gieson’s counter- 
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stain, phosphotungstic acid haematoxylin, by ‘eidep. 
hain’s method for myelin, and by Holzer’s metiiod fo, 
glial fibres. Frozen sections from representative areas 
were stained by Hortega’s silver carbonate method fo, 
astrocytes, Bielschowsky’s method for neurofibrils 
Penfield’s method for microglia, Herxheimer’s method fo, 
fats, and by a modification of the Weigert-Pal method, 


Frontal Areas.—There was very slight fibrous thicken. 
ing of the leptomeninges. 
cortex showed a slight patchy increase in glial cells with 
some marginal gliosis. The structure and the lamination 
of the cortex appeared normal but the walls of the small 
perforating blood vessels were unusually prominent 
owing to the increased cellularity of the adventitia and 
slight adventitial fibrosis. 

Throughout the cortex the nerve cells showed an 
almost complete loss of Nissl substance, resulting in a 
faintly stained homogeneous cytoplasm. The myelin 
sheaths both in the cortex and deep in the centrum 
ovale showed no abnormality. 


Central Area.—\In addition to the above findings most 
of the Betz cells were strikingly abnormal in that the 
nucleus was displaced to the periphery and showed an 
oval or irregular outline. The cell body tended to be 
rounded and often swollen with a peripheral ring of 
finely granular Nissl substance and a pale, more homo- 
geneous centre (Fig. 2). In sections stained with Scharlach 
R some of the cells showed a small amount of yellow 
pigment lying at the extreme periphery. The appearance 
in fact was similar to that seen in retrograde degenera- 
tion, but there was no evidence of damage to the nerve 
fibres. A small minority of the Betz cells were shrunken 
and deeply stained while a few were ghostlike. None 
was normal. 
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Fic. 2.—Two Betz cells with the typical appearance of retrograde 
degeneration. Cresyl violet x 230. 
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Occipita Lobes.—In general the appearances were 
similar to ‘hose in the frontal areas. In the right occipital 
lobe, however, there were several small patches of 
demyelination. The edge of these areas was not sharply 
defined and it tended to stop short of the arcuate fibres. 
There was considerable loss of myelin within the lesions 
while the remaining sheaths were beaded and frag- 
mented. There was a tendency for the demyelination to 
be less severe around the blood vessels (Fig. 3). There 





One of the small areas of demyelination in the white matter 
x 20. 


Fic. 3.- 
of the right occipital lobe. Kultschitsky Pal stain 


was only a very small number of foam celis containing 
lipoid stained by Scharlach R but very considerable 
proliferation of astrocytes had occurred with an intense 
isomorphic gliosis. There was considerable loss of 
axis cylinders within the demyelinated areas and many 
of those remaining were thickened and swollen. 


Temporal Lobes.—In the Sommer sector of both sides 
there appeared to be some slight paucity of pyramidal 
cells both diffusely and in a number of more localized 
patches, but there was no appreciable gliosis. 


Striatum, Pallidum, and Thalamus.—\n these areas and 
throughout the brain stem the walls of the smaller vessels 
were thickened by adventitial fibrosis and occasionally 
some hyaline change had taken place. 

An occasional cluster of nerve cells in the thalamus 
showed ** retrograde ’ changes but this was not restricted 
to any particular group. The nerve cells in the corpus 
striatum were normal. The myelination both of the 
pallidum and of the internal capsule was normal. 


Mammillary Bodies.—The sub-pial surface showed a 
more intense fibrous gliosis than that seen elsewhere and 
many of the nerve cells lying just lateral to the mam- 
millary body showed the appearance of retrograde 
degeneration. The main mammillary nuclei were normal 
and there was no vascular abnormality beyond that 
found elsewhere. 
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Mid-brain.—The nerve cells of the substantia nigra 
appeared to contain rather small amounts of pigment. 
The third and fourth nerve nuclei were almost lacking in 
Nissl substance but otherwise appeared normal. 


Pons and Medulla.—Many of the nerve cells—often in 
groups—in the pontine nuclei showed the retrograde 
type of degeneration (Fig. 4), as did a considerable 
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Fic. 4.—Nerve cells in the nuclei pontis showing the appearance 
of retrograde degeneration. Cresyl violet x 230. 


number of the smaller nerve cells scattered through the 
dorsal part. This was also noticeable in the reticular 
substance of the medulla, and, for example, in Roller’s 
nucleus. Apart from the almost complete absence of 
Nissl substance the motor nuclei of the cranial nerves 
were mostly unaffected. The nucleus ambiguus (Fig. 5), 
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Fic. 5.—Nerve cells in the nucleus ambiguus. Cresyl violet 


x 230. 
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however, and to a lesser extent the dorsal nucleus of the 
vagus and the lateral cuneate nucleus all showed the 
type of cell change described. 


Cerebellum.—On the meningeal surface of the cere- 
bellum on both sides a few small areas of haemorrhage 
had occurred and the molecular layer of the underlying 
folia showed considerable vascular and microglial 
proliferation. There were a few small areas of necrosis 
in the subjacent granular layer. Elsewhere the cere- 
bellum, including the Purkinje cells, the dentate nuclei, 
and the white matter, was normal. 


Spinal Cord.—No signs of myelin defect were detected. 
In the mid-cervical and mid-thoracic segments a small 
number of anterior horn cells showed retrograde de- 
generation but many others were shrunken, with pyknotic 
nuclei and darkly stained cytoplasm. There was some 
fibrosis and hyalinization of the small vessels both 
within the cord and in the surrounding meninges. 


Discussion 


In previously reported cases nothing very similar 
to the present findings has been described. In the 
first pathological report (Penrose, 1939) the main 
feature was the presence of multiple neurofibromata 
of the peripheral nerves with some associated loss 
of myelin but with the central nervous system 
virtually intact. In the second case (Coquet, Myle, 
Nyssen, and van Bogaert, 1944) a small necrotic 
area was found in the white matter of one frontal 
lobe but there were no further lesions of the myelin 
and the brain in all other respects was normal. 
Josephy (1948) investigated two cases and “after a 
rather careful microscopical examination of all 
organs and especially of the brain’ found “ no 
significant abnormality whatsoever ”’. 

In 1950 Alvord, Stevenson, Vogel, and Engle 
examined the brains of two siblings who died at the 
age of 16 months and 54 years respectively. The 
first died from staphylococcal septicaemia after 
almost a year of severe illnesses. The second died 
in hyperpyrexia two weeks after the onset of measles 
complicated by pneumonia. Both these cases, but 
especially the first, showed evidence of a retardation 
of myelin formation. In three further adult cases 
no similar myelin defect was found, but in one 
there was a marked loss of myelinated fibres in the 
centre of the optic chiasma. On the basis of their 
evidence the authors put forward the suggestion 
that both retarded myelination and also demyelina- 
tion are features of this condition. They further 
postulated that these findings might, on the one 
hand, be at least partly due to the metabolic anomaly 
present in phenylpyruvic oligophrenia, and on the 
other hand, be at least partly responsible for the 
mental deficiency which is also invariably present. 
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This report was followed more recently by tha 
of Benda (1952) in which he described the findings ip 
two further cases; both patients were aged 2, 
and both had died from tuberculosis. In the 
cases the appearances were not of incomplete 
myelination but consisted rather of widespread ang fF 
‘* marked damage to the myelin sheaths and whit. } 
matter of the brain”. In both of them, however. 
Benda pointed out that the relationship between the 
demyelination and the metabolic abnormality was 
uncertain. He considered, but partly in view of 
Alvord’s report was inclined to reject, the suggestion | 
that prolonged tuberculosis might be a significant 
factor. (It is interesting to note that one of the 
patients described by Josephy died of tuberculosis 
but showed no abnormality.) He further considered 
that the findings described by Alvord and others made 
the case for accepting the metabolic abnormality as 
the cause of the myelin defect very strong. It seems 
possible, however, that these findings might have 
also been related to other factors ; for instance, a 
series of severe and prolonged infections in the 
infant and death during measles in the child. 
Moreover, even if myelination is retarded in early 
life there appears to be no evidence that demyelina- 
tion would therefore be a more likely finding in the 
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adult. 
With regard to the white matter of the present 


case, there was certainly an irregular patch of | 


demyelination situated in the most posterior limits of 
one occipital lobe. Apart from this, however, no 
other damage to the myelin was found and a prob- 
able cause of the lesion was the epilepsy in the 
earlier years of life. In any case it does not seem 
reasonable to regard this one restricted patch of 
heavily gliosed demyelination as the direct mani- 
festation of a metabolic disorder present throughout 
life. In the same way the normal appearance of 
the white matter in all other respects gives no suppor 
to the suggestion that retarded formation is 3 
constant feature of this disease—at any rate of 3 
degree sufficient to show at the age of 25. 


exception of those of Benda), it therefore appears 


that demyelination has so far been neither a constant |” 
Furthermore, while} 
retarded myelination has also been described it is} 
difficult to accept the argument that such retardation |7 
could “‘ be at least in part responsible for the mental 
deficiency ” and yet for it to be undetectable in the|7 
Only the examination of further) 


nor an outstanding feature. 


young adult. 
cases can settle these points. 


Turning now to a closer discussion of the preset! 
case, and especially the abnormal appearance of the” 
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nerve cells, a number of possibilities must be 
considered. At the same time there is no point in 
considering them other than very briefly since too 
little is known about either the cause of the patient’s 
pyrexia or of her death. The almost complete 
absence of Niss! substance may be accounted for 
by the terminal state. The appearance of retrograde 
degeneration, however, with the present distribu- 
tion and in the absence of visible damage to the 
related nerve fibres, is a completely separate finding 
and cannot be dismissed in this way. Certainly the 
most likely cause of such a finding is the presence of 
complicating disease. In the circumstances the 
immediate suspicion is that the patient was pella- 
grous since this is a condition which, in spite of all 
attempts to prevent it, tends to occur among mental 
patients and which produces the neuronal changes, 
both in appearance and in distribution, and the 
vascular changes peculiarly like those found in the 
present case (Leigh, 1952). The strongest argument 
against the diagnosis is that there was no suggestion 
clinically of a pellagrous state. There was no loss 
of weight, there were never any skin lesions, and 
although the patient was incontinent, there was no 
manifest diarrhoea. On the other hand the absence 
of evidence in such a patient may not be conclusive 
since little more than veterinary contact with her 
was ever possible. It seems therefore that while a 
pellagrous condition cannot be excluded the clinical 
evidence in favour of its existence is not great. In 
much the same way, apart from the pyrexia, no 
evidence of an acute infection was found. In fact 
all that is known for certain is that the patient became 
pyrexial and died. In these circumstances it seems 


) futile to try any further to identify the cause of the 


§ improbable. 


neuronal changes although they may prove to be of 
sufficient interest to justify their description. 

There is of course the possibility that the nerve 
cell changes are more directly related to the 
biochemical abnormality present but this seems 
In none of the previous cases have 


such changes been reported, and in fact Benda 
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commented on “ the surprising observation that the 
nerve cells in phenylpyruvic oligophrenia appear 
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quite well preserved in many places and especially 
the Nissl substance is quite conspicuous in the 
anterior horn cells.” 

From the speculative point of view there are 
two points which may be mentioned. First, there is 
some superficial connexion between the nutritional 
deficiencies, such as pellagra, and the condition of 
phenylpyruvic oligophrenia. In both cases there 
is a metabolic disturbance but, while in the former 
this is due to a vitamin lack, in the latter it is 
probably due to the absence of a particular enzyme 
system. The second point is that the appearance 
of retrograde degeneration may well be related to an 
abnormality of protein metabolism, and, since 
phenylpyruvic oligophrenia is essentially due to a 
fault in the metabolism of phenylalanine, it is 
conceivable that a link may exist. 


Summary 


The pathological findings in a case of phenylpy- 
ruvic oligophrenia are described. These consisted 
of one rather limited area of demyelination but there 
was no evidence of abnormality of myelin formation. 

Marked “ retrograde’ nerve cell changes were 
seen in the Betz cells and in certain other groups 
of nerve cells in the brain stem and spinal cord. 

The question of myelin abnormality in this 
condition is discussed and possible explanations of 
the nerve cell changes are briefly mentioned. 


I am very grateful to Dr. R. W. Armstrong, the 
Physician Superintendent, and to Dr. E. O. Hagedorn 
of Littlemore Hospital, Oxford, for permission to make 
use of the clinical records and for the post-mortem 
material of this case. I am extremely grateful to Dr. 
J. G. Greenfield and to Professor Alfred Meyer for 
their help and advice in the preparation of this report. 
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NERVOUS DISCHARGE FROM SMALL PAINLESS 
LESIONS IN SKIN AND MUSCLE 
BY 
P. W. NATHAN 


From the Neurological Research Unit of the Medical Research Council, 
National Hospital, Queen Square, London 


During an_ investigation of post-ischaemic 
paraesthesiae (Merrington and Nathan, 1949) 
it was noticed that during the period of ischaemia 
any small cutaneous lesions, such as cuts or 
scratches, made themselves felt, whereas they had 
not been noticed before. That this was no 
idiosyncrasy of the present author was shown by 
the case of a laboratory technician who had 
dermatitis due to formalin; he was surprised to 
find that shortly after the application of the cuff he 
felt every lesion on his fingers, although he had not 
previously noticed their presence. It was then 
considered that this phenomenon ought to be 
investigated at some later time. When Armstrong, 
Dry, Keele, and Markham (1951) published their 
method of producing fairly standardized blisters by 
cantharidin plaster, it was seen that these blisters 
could be used for the investigation of this 
phenomenon. 

The purpose of this study has been to investigate 
the pain that may arise from a previously painless 
lesion when the limb is rendered ischaemic, and to 
relate this phenomenon to other relevant knowledge. 


Material and Methods 


The experiments were performed on_ three 
subjects, the author, a colleague, and the laboratory 
technician mentioned above, who continues to have 
dermatitis. 

Ischaemia in the limb was induced by inflating a 
sphygmomanometer cuff to a pressure of 200 mm. 
of mercury ; on the upper limb the cuff was placed 
with its lower border 2 cm. proximal to the medial 
epicondyle ; on the lower limb it was placed with 
its lower border 3 cm. proximal to the upper edge 
of the patella. Ischaemia in a short segment of nerve 
trunk was induced in the case of the radial nerve by 
means of a strap 10 cm. wide loaded with a weight of 
5 kg., and in the case of the ulnar nerve by leaning 
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the elbow on the table, care being taken to apply 
the weight of the limb to the ulnar nerve in it; 
groove. 

To produce lesions in the skin of the dorsum of 
the hands and fingers, it was found that it was 
necessary to use double the strength of cantharidin 
used by Armstrong and others. Plasters containing 
0-4% cantharidin were applied for eight hours or 
more. The superficial layers of the epidermis 
raised by the blister fluid were then removed, and 
this left exposed a small area of the deeper layers of j 
the epidermis ; this exposed area will be referred to 
as the ulcer. The lesions due to the reaction to 
formalin were used, and also blisters on the toes 
which happened to result from much walking ina 
hot climate in ill-fitting shoes. 

As the pain of these ulcers induced by the 
ischaemia is very slight, methods of increasing it 
were investigated. It was thought that the ulcer 
might be made more sensitive by applying irritant 
substances to it before the experiments with ischaemia 
were carried out so that, although the ulcer was 
painless at the onset of ischaemia, it might give rise} 
to more pain than an ulcer not so treated, during the 
period of ischaemia. Accordingly, various solutions} 
of known pain-producing agents were applied to the 
ulcers for some minutes before the application of the} 
cuff ; such were potassium chloride, acetic acid, and 
histamine. The pain caused by these substances was 
only transient, lasting about two minutes. As there) 
was no lasting effect of heightening the pain felt” 
during ischaemia, no further report of this part of 
the work will be given. 

Deep or muscle pain was produced by the 
injection of 0-2 ml. of 5% saline into the abductor” 
digiti minimi or the first dorsal interosseus musck| 
of the hand. In all experiments, and particularly 
in these on deep pain, it was found to be essential 
that the subject should not move the part at all, 
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for movement alone tends to bring on pain under 
such circumstances. 


Results 


Although only one experiment of each type will 
be reported, in all cases two or more experiments 
were performed on two or three subjects. 


Experiment 1.—This was the basic experiment on 
an artificial ulcer. A cantharidin plaster was put on 
the middle of the dorsum of the hand for eight hours. 
Ischaemia was induced 48 hours after removal of the 
epidermis. The area of naked dermis was 1 cm’. 
There is no sensation from the ulcer and no pain. 


Times following application of cuff : 


| min. 30 sec. Aware of presence of ulcer from very 
slight pain localized to ulcer. 

2 min. Tingling in hand and all digits. The 
ulcer is felt more clearly than the 
tingling. 

4 min. Tingling has stopped. Ulcer con- 
tinues to be felt. 

6 min. Ulcer felt more prominently. 

13 min. Onset of feeling of velvety numbness ; 
ulcer felt as before. 

15 min. Loss of sensation of touch starting in 
fingers ; ulcer felt less prominently. 

18 min. Ulcer scarcely felt. 

19 min. Cuff off. Immediate cessation of all 


sensation from ulcer. No return of 
any sensation from the ulcer during 
the post-ischaemic phase. A few 
minutes’ duration of the usual 
tingling and pricking. 

This experiment presents the phenomenon under 
investigation. A painless area of exposed dermis 
is made very slightly painful by rendering the limb 
ischaemic. This definite but slight pain lasts for a 
longer time than the ischaemic tingling; it does 
not recur in the post-ischaemic phase. 


Experiment 2.—The basic experiment was 
performed on the subject with formalin dermatitis. 
The lesions at this time are located on Fig. 1 as 
follows : a, b, and ‘c, three small points over the 
first interphalangeal joint of the fourth digit; d, 
a larger lesion over the metacarpophalangeal 
joint of the second digit; e, a deep lesion just 
proximal to the first interphalangeal joint of the 
second digit ; f, scattered lesions along the radial 
border of the hand ; g, little points on the ulnar side 
of first digit. All the lesions are on the dorsal aspect 
of the limb, and all consist of deep narrow cracks or 
pits penetrating to the dermis. Before the induction 
of ischaemia the subject could feel only lesion e. 
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Fic. 1.—Diagram to show 
position of lesions referred 
to in Experiments 2 and 5. 














Times following application of cuff : 
I min. 15 sec. Tingling. 


3 min. Can feel lesion e more than before. 
4 min. Small stabs in lesion g. 
5 min. Tingling has stopped. Stabbing con- 


tinues in lesion g, can feel lesion f: 
it is not painful, but it makes itself 
felt. 


Lesion g itches, so that he has to make 
an effort to avoid scratching it. 


Lesion f now itches equally. 
Slight itching in lesions a, b, and c. 
Intense itching in lesion f. 


5 min. 30 sec. 


6 min. 
6 min. 15 sec. 
7 min. 30 sec. 


8 min. The only lesion that can now be felt is 
lesion f, and in it itching continues 
to be intense. 

9 min. Lesion f is now burning; there is 
some burning at lesion g. 

10 min. Lesion e is now starting to hurt. 


Lesion f gives a painful stinging, 
which is quite unpleasant. 


Lesions e and f still felt ; 
lesions felt. 


Very little sensation of any kind. 
Cuff off. 


Times following removal of cuff : 
0 min. 30 sec. Irritating sharp pain in lesion f. 


1 min. 30 sec. Tingling and pricking all over hand 
and digits. No sensation from 
lesions. 


10 min. 30 sec. 
11 min. 30 sec. no other 


13 min. 
14 min. 
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This experiment confirms the original observation, 
and shows that the phenomenon occurs more 
clearly with such naturally occurring lesions than 
with the induced blisters. 


Experiment 3.—The basic experiment is repeated, 
using concentrated saline injected intramuscularly 
as the source of the lesion: 0-2 ml. of 5% saline 
is injected into the right abductor digiti minimi. 
Severe pain is felt for two minutes. The cuff is on 
one minute after pain has ceased. 


Times following application of cuff : 


1 min. Very slight return of pain. 

1 min. 30 sec. Pain more severe. 

2 min. 25 sec. Pain more severe. 

3 min. Tingling in periphery of limb. 

3 min. 20 sec. Pain less. 

3 min. 30 sec. Tingling more marked in ulnar 
distribution. 

5 min. 05 sec. Tingling gone. 

8 min. 15 sec. Pain has increased slightly. 

9 min. Pain slightly more severe. 

13 min. 15 sec. Pain less. 

15 min. Pain just present. Cuff off. 


Times following removal of cuff : 
0 min. 15 sec. Pleasant warmth, pain gone. 


This experiment shows that the phenomenon 
occurs for deep or muscle pain as for skin or 
superficial pain. 

In all experiments the induced pain passes off a 
long time before ischaemia causes any analgesia. 


Experiment 4.—Nerve ischaemia was induced by 
strapping. The plaster was on the skin supplied by 
the radial nerve for 10} hours. Ischaemia was 
induced four days after the removal of epidermis. 

Strapping was placed over the arm so as to 
compress the radial nerve; the length of nerve 
compressed was about 10 cm. The area of naked 
dermis was 0-4 cm. diameter. 


Times following application of strapping : 


2 min. Tingling in radial skin area. 

4 min. Tingling more intense. 

8 min. Nothing felt. 

14 min. Very slight smarting in ulcer. 

16 min. Smarting now quite definite. 

21 min. 30 sec. Nothing felt now. 

24 min. Onset of loss of touch sensation. 


Strapping removed. Nothing felt in 
post-ischaemic phase. 


In this experiment there was no interference with 
the blood supply or venous drainage of the ulcer 
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or of the free nerve-ending in the lesion. 


Thus 
rendering 10 cm. of the relevant nerve ischaemic 


causes the phenomenon. It can be concluded that 
the pain is not caused by rendering the nerve endings 
anoxic nor by increasing the tension in the tissues 
of the lesion nor by damming up any chemical 
substances in the lesion, but that it is caused by 
rendering ischaemic the nerve supplying the lesion, 


Experiment 5.—The previous experiment was 
repeated on the subject with dermatitis. It was 
considered that if only those lesions within the 
territory of the radial nerve were made irritating or 
painful and not the other lesions this would be 
adequate confirmation of the previous experiment. 
The lesions are labelled as before, but some change 
in the lesions has taken place since the previous 
experiment on this subject. Lesion c now consists of 
a crack over the first interphalangeal joint of the 
fourth digit. Lesion d consists of multiple punctate 
lesions over the metacarpo-phalangeal joint of the 
second digit. Lesion e is just proximal to the first 
interphalangeal joint of the second digit, and 
measures | cm. mediolaterally. Lesion g consists 
of multiple punctate lesions on the ulnar side of the 
base of the first digit ; it is covered with scabs, and no 
dermis is exposed. Lesion f has now healed, and 
no longer exists. 

Strapping and a 5 kg. weight were applied so as to 
compress the radial nerve. 

Times following application of strap : 
0 min. 15 sec. Tingling on dorsum of first and second 


digits and dorsum of hand in radial 
distribution. 


0 min. 50 sec. Tingling less. 


6 min. Very slight tingling in median distri- 
bution. (This nerve was doubtless 
also compressed by the weight of 
the arm and the 5 kg.) 

7 min. All tingling gone. 

8 min. Nothing felt. 

11 min. Aware of lesion e. He had not 
previously been aware that he had 
a lesion here. 

12 min. Aware of lesion d. 

13 min. Lesions d and e more obvious. 

14 min. Lesion e no longer felt. More pain in 
lesion d. 

17 min. All pain gone. Other lesions were not 


felt throughout. 


It will be noted that in this experiment lesion c, 
which was a deep one, was not felt. Nor was lesion g, 
but as it was covered with scabs, it is unlikely 
that there were any free nerve endings to be irritated. 
This experiment confirms Experiment 4; it is the 
more striking as the subject has no knowledge of 
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anatomy and could not know which lesions lay 
within the distribution of the ulnar nerve and which 
within that of the radial. 


Experiment 6.—Ischaemia was induced by pressure 
on the nerve. Concentrated saline injected intra- 
muscularly was used as the source of the lesion ; 
(0:2 ml. of 5% saline was injected into the first dorsal 
interosseous muscle of the upper limb. This caused 
intense pain for two minutes. Two minutes after the 
pain had gone pressure was applied to 2 cm. of the 
ulnar nerve in its groove. 


0 min. 30 sec. A few seconds of tingling in the 
distribution of the ulnar nerve. 

| min. Tingling is now continuous. 

2 min. Slight burning pain in the muscle at 
the site of the injection. 

5 min. Pain has gone. 

9 min. Tingling has gone. 

15 min. Velvety numbness in skin area 


supplied by ulnar nerve. Pressure 


removed. 

This experiment shows that ischaemia applied to 
a short segment of nerve induces deep pain as 
well as superficial pain in lesions previously painless. 

It has so far been shown that pain can be induced 
in a small somatic lesion when only a short segment 
of the nerve supplying the lesion is rendered 
ischaemic; to cause this phenomenon it is 
unnecessary to alter the blood supply of the lesion 
itself. The next question to be answered is whether 
the nerves supplying the lesion have in some way 
been made sensitive, so that they alone are suscep- 
tible to ischaemia, or whether functioning nerve- 
endings in the lesion are necessary to cause the 
phenomenon. The following two experiments were 
performed to attempt to answer this question. 


Experiment 7.—This took the form of the basic 
experiment with obliteration of nerve-endings in an 
ulcer, and was performed on a six-day-old ulcer on 
the left hand. Pain came on after 24 seconds, and 
lasted for nine minutes. After this experiment the 
ulcer was covered with 2N hydrochloric acid. This 
effectively coagulated all the protein of the lesion, 
penetrating deep enough to cause a permanent 
scar. Twenty-four hours later this lesion was 
totally anaesthetic to all forms of stimulation, and 
free from any sensation when it was rubbed ; it was 
covered with a smooth, yellowish, translucent scab. 
A control ulcer had been made on the other hand at 
the same time and of the same size as that on the left 
hand; but the control ulcer was not coagulated. 
Cuffs were now placed on both arms and inflated. 
On the right control hand pain was felt in the ulcer 
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after four minutes, and it lasted for eight minutes. 
On the left limb, although the cuff was inflated for 
30 minutes, no pain was felt, and there was no 
awareness of any kind of sensation from the ulcer. 

The standard experiment carried out on the right 
limb before the coagulation of the ulcer and that 
carried out on the left limb serve as controls to show 
that the nerves in the ulcer would have been capable 
of discharging had they not been coagulated. This 
experiment shows that for pain to be induced by 
ischaemia applied to the nerve, free nerve-endings 
must be functioning in the lesion ; and conversely, 
it shows that when the nerve-endings have been 
functionally cut off from the nerve above them, pain 
cannot be produced in the lesion by the application 
of ischaemia to the nerve supplying it. This is shown 
diagrammatically in Fig. 2. 








Ischaemia ischaemia 
has no causes 
effect pain 


Fic. 2.—Nerve-endings in coagulated and normal ulcer. 


It may be concluded, that although the ischaemic 
pain can be induced by rendering a proximal 
segment of the nerve ischaemic, it can do so only 
when there is a nervous discharge from free nerve- 
endings within the lesion. 

This condition is confirmed by the next experi- 
ment. Here the free nerve-endings within the 
lesion are left intact, but a block is placed on the 

erve between the lesion and the cuff. 


Experiment 8.—This consisted of the basic 
experiment with a procaine block on the nerve 
between the lesion and the cuff. Ischaemia was 
induced 24 hours after the removal of the superficial 
layer of the epidermis from a cantharidin blister. 
The area of the ulcer was 1 x 1-25 cm. 

Two per cent. procaine hydrochloride, 2 ml., was 
injected into the skin, just proximal to the ulcer, as 
shown in Fig. 3. 

One minute after the injection of the anaesthetic 
solution acetic acid was placed on the ulcer to test 
its sensitivity ; it was felt minimally. Three minutes 
later, when acid was put on it again, nothing was 
felt. The cuff was then placed on the arm and 
inflated for 15 minutes. No sensation from the ulcer 
was experienced. 
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Ulcer 


Procaine 


Proximal 


Fic. 3.—Diagram showing site of procaine injection proximal to 
ulcer. 


Four hours later the effect of the local anaesthetic 
block had worn off, and stimulation of the ulcer 
caused pain. The cuff was re-applied. After two 
and a half minutes the ulcer was distinctly felt, and 
continued to be obvious for 10 minutes. 

This experiment, by another method, confirms the 
conclusions drawn from Experiment 7. Although 
ischaemia induced in a segment of nerve a long way 
proximal to a lesion causes pain, it does so only 
when free nerve-endings are functioning at the site 
of the lesion. 


Experiment 9.—The effect of alkalaemia was 
studied. As some of the changes in function which 
occur when a nerve is subjected to ischaemia also 
occur when the nerve is subjected to alkalaemia, 
it was of interest to find out if over-breathing also 
makes the painless lesions painful. The cantharidin 
plaster was applied for 18 hours. Overbreathing was 
performed half an hour after the superficial layers of 
the epidermis had been removed. 

The area of the ulcer was 0-5 x 0:25 cm. Over- 
breathing was continued for 100 seconds. After 60 
seconds tingling in the tips of the fingers was felt. 
Before the 100 seconds were past, the ulcer, which is 
proximal to the metacarpo-phalangeal joint and 
thus proximal to the area of tingling, became 
definitely but very slightly painful. 

It may be concluded from this experiment that 
alkalaemia as well as ischaemia can make the lesion 
painful. 
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Experiment 10 (a) and (b).—These were desivned 
to study the effect of combined ischaemia and aika- 
laemia. The lesion consisted of an ulcer on the 
dorsum of the right foot situated between the first 
and second digits over their metacarpo-phalangeal 
joints. The ulcer was 0-75 x 0:75 cm.; it hada 
purulent base, and was surrounded by | to 2 cm. of 
oedematous tissue. 


10(a). Effect of Ischaemia Alone.—Before the cuff 
was applied the ulcer could be slightly felt. 
Times following application of cuff : 

4 min. 50 sec. Slight aching in ulcer margin. 

5 min. 40 sec. More severe. 

12 min. Pain still present. Cuff released. 


0 min. 15 sec. After release of cuff: Slight feeling of 
tension in ulcer for about 5 secs. 
Then nothing. 


10(b). Effects of Alkalaemia and Ischaemia Com- 
bined.—The same ulcer as before, which by now 
was painless unless attention was directed towards 
it; then it could be appreciated that it ached 
slightly. 

One minute overbreathing : 

After 20 sec. —_ Light-headed. 


After 45 sec. Dizziness. 
After 60 sec. Cuff inflated and overbreathing 
stopped. 


Times following application of cuff : 
3 min. 20 sec. Onset of pain in ulcer. 


3 min. 35 sec. Pain increasing. 

4 min. Pain obvious and constant. 

4 min. 30 sec. Whole oedematous area feels sore. 

6 min. 10 sec. Quite a lot of pain. 

6 min. 30 sec. This pain would now be intolerable 
were it to continue for hours. It 
is too severe to permit reading. The 
whole of the first digit aches, and 
the ulcer itself seems to be the 
centre of the area of aching pain. 

12 min. Pain as before. Cuff off. Immediate 


feeling of heat. Lesion still felt 
slightly but the sensation is pleasant 
and warm. 


After release of cuff: 
longer felt. 


0 min. 30 sec. Lesion no 


This experiment shows that the combined effect 
of alkalaemia and ischaemia makes the pain more 
marked than when it is caused by either alone. 


Experiment 11.—The effects of alkalaemia on a 
lesion due to intramuscular concentrated saline 
were studied. Five per cent. saline, 0-2 ml., was 
injected into the abductor digiti minimi. Pain 
started immediately and lasted for 4 minutes 50 
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seconds. Overbreathing was practised for two 
minutes. 
After 1 min. Lightheaded. 


After 1 min. 45 
sec. Jerks in both upper limbs. 


After 2 min. Cuff applied. By this time, conscious- 
ness was disturbed, and it had been 
so for at least 15 seconds. The 
subject was quite unaware that his 
limbs were jerking, did not know 
that the cuff had been applied, con- 
tinuously asking for it to be put on, 
and he would not or could not stop 
overbreathing, although he was 
repeatedly told to stop. No pain or 
tingling was felt during this two 
minutes, but the subject was unable 
to observe during the latter period. 


Times following application of cuff : 


Imin. 50sec. Slight aching in the region of the 
injection. 

2 min. 40 sec. Tingling in periphery of limb, more 
marked in region of injection. 

3 min. 30 sec. Tingling gone, aching still present. 

4 min. Pain increasing, felt only in muscle. 

6 min. 30 sec. Pain increasing. 

11 min. Pain decreasing. 

12 min. Pain almost gone. 

13 min. Cuff off. 


Times after removal of cuff : 


0 min. 30 sec. Tingling in periphery of limb ; lesion 


just felt. 
Pricking in periphery of limb ; lesion 
still just felt. 

Pricking gone; tingling continues ; 
lesion still just felt. 
Tingling just present ; 

longer felt. 


1 min. 
4 min. 15 sec. 


5 min. lesion no 


This experiment shows that for deep pain as for 
skin pain the combined effect of ischaemia and 
alkalaemia induces more pain than either alone. 


Conclusions 


The observation that when a limb is rendered 
ischaemic lesions in the skin or muscle which were 
not felt may become felt and/or painful suggests 
the following questions: (1) Does the ischaemia 
cause the phenomenon under consideration by 
making the free nerve-endings in the lesion dis- 
charge, whereas they had not been doing so before 
the ischaemia, or (2) does it act by “ magnifying ” 
the discharge which was already present, but very 
slight and not appreciated as pain ? (3) If ischaemia 
acts by increasing the irritability of the nerve- 
endings or nerve fibres do other factors known to 
increase this irritability also cause the phenomenon ? 

It was shown by Thoérner (1924) that the first 
effect of anoxia on frog’s nerves is to cause an 
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increase in excitability, as shown by the strength of 
current necessary to stimulate the motor nerve. 
This change occurs within five minutes of the onset 
of the anoxia, and reaches a maximum in 10 to 30 
minutes. Heinbecker (1929) also studied the effect 
of anoxia on those peripheral nerves of ‘the frog 
which give rise to the alpha, beta, gamma, and 
delta potentials of the A group. He did not study 
the C fibres, although it is likely that some of the 
fibres which he studied, in particular those of the 
delta group, subserve the modality of pain. He also 
found that for the first 15 to 30 minutes of anoxia the 
threshold is lowered, the action potential is usually 
increased in amplitude, and the conduction rate is 
increased. Thompson and Kimball (1936), who 
also induced ischaemia in man by means of a 
sphygmomanometer cuff, investigated the irritability 
of the median, radial, and ulnar nerves by stimu- 
lating them through the skin at the wrist; they 
found that the voltage necessary to stimulate these 
nerves reached a minimum after 10 minutes of 
ischaemia, and that it rose abruptly after 15 minutes 
of ischaemia. Kugelberg (1944) showed that 
ischaemia and the alkalaemia caused by over- 
breathing bring about a lowering of accommodation 
and an increased excitability in the peripheral 
nerves ; the lowering of the rheobase occurs within 
a few seconds of the application of the cuff. All 
types of nerve fibres do not show this change with 
the same amount of ischaemia. Kugelberg (1946) 
found, for example, that “ normally, activity in 
motor fibres is obtained merely in isolated cases 
during ischaemia, and afterwards only if the 
pneumatic cuff has been kept on for about half an 
hour. The investigation of motor impulses, however, 
can be facilitated by reducing the amount of ionized 
calcium in the blood, e.g. by hyper-ventilation ”’. 
He showed that essentially the thick motor fibres 
behave in the same way as the large sensory fibres, 
spontaneous activity occurring when their excita- 
bility exceeds a certain critical value. 

Thus, the effect of ischaemia applied to nerves, 
as reported in this previous work, is to cause an 
increased excitability or irritability of the nerve 
rendered anoxic. It is probable that the ischaemia 
affects all types of nerve fibres in this way. 

The phenomenon investigated in the present work, 
however, differs in one main respect from the work 
mentioned above. It was shown by Merrington and 
Nathan that the nervous discharge investigated 
by Kugelberg arises in the segment of nerve rendered 
ischaemic ; the paraesthesiae, which are the sensa- 
tions accompanying the breakdown in accommoda- 
tion of the nerve fibres, occur where there are no 
nerve-endings present, as in cases of amputation or 
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complete lesions of peripheral nerves; they also 
occur when the nerve distal to the cuff is blocked for 
conduction by local anaesthetic. Thus the kind of 
nervous discharge previously studied arises entirely 
in the part of the nerve rendered ischaemic. In the 
kind of nervous discharge investigated in the present 
study, free nerve-endings in the lesion giving rise 
to impulses are needed before ischaemia applied to a 
proximal segment of nerve can cause the sensation. 
Further, the fact that a block placed on the nerve 
between these end-organs and the segment of nerve 
rendered ischaemic stopped the phenomenon shows 
that such free nerve-endings must be discharging for 
the phenomenon to occur. Thus the main difference 
between the phenomena previously investigated by 
Kugelberg and by Merrington and Nathan, and that 
investigated here, is that in the previous phenomenon 
the impulses arose solely in the ischaemic segment of 
nerve, whereas in the present phenomenon partici- 
pation of impulses arising in the periphery is 
necessary. It would seem that when the impulses 
arise solely in the nerve, paraesthesiae are felt, 
and when the impulses arise in the proper 
receptor, a normal sensation is felt. 

It seems that one may conclude from this work 
that impulses from painless lesions may be con- 
stantly passing into the central nervous system, 
although under normal circumstances they are 
insufficient to be perceived. 


It is perhaps surprising that no pain was felt 
during the post-ischaemic phase. For it is during 
this phase that the nerves are rendered most 
excitable. This might be accounted for by the small 
extent of the lesions ; any slight pain from them 
might perhaps not be felt among the mass of 
pricking and tingling felt in the periphery of the 


limb. It might perhaps be accounted for by the 
different effect of the same duration of ischaemia 
on nerve fibres of different sizes. Far longer periods 
of ischaemia are needed to cause pseudo-cramp, for 
instance, than tingling ; it could be that still longer 
periods of ischaemia are needed to cause post- 
ischaemic pain. 

It was stated above that the lesions became more 
prominent in consciousness, or that they became 
slightly painful, or that—in one case—they started 
itching. It seems that one may conclude that 
the nerves discharging are those subserving the 
modality of pain. This conclusion is based not only 
on the nature of the sensation evoked by ischaemia, 
but also on the fact that the sensations are not 
paraesthesiae—for they require the discharge of 
impulses from the lesion itself—and also on the fact 
that the sensations are felt in the lesions of the 
skin and muscle, and pain is the specific modality of 
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lesions. Hence it is believed that these slight 
sensations are weak, or if one may express it so, 
subliminal, pain. -In support of this hypothesis, 
the work of Bishop (1944) may be referred to. He 
showed that stimuli which, when summated caused 
** frank pain *’, caused, before they were adequate to 
give rise to pain, a pulsating sensation, “* inconse- 
quential touch ”’, or itch. 

Two ideas which may have some general im- 
portance emerge from this study. The one is that 
somatic lesions which are not felt may nevertheless 
be discharging impulses into the central nervous 
system, and that such impulses could have effects. 
This might be expressed by saying that there is such 
a thing as subliminal pain. The other idea is that 
the discharge from such lesions may be increased 
so that an actual sensation is experienced, by means 
of everyday occurrences such as ischaemia or 
alkalaemia. 

Lewis (1942) observed that arresting the blood 
flow to the hand with a recent blister or to “ skin 
rendered hyperalgesic by crisscross scratching or by 
ultraviolet light ’’ causes pain when no spontaneous 
pain is present before the arrest of the circulation. 
He argued that this pain is due to the accumulation 
in the damaged skin of “some pain-giving sub- 
stance’, and that the relief of pain in the post- 
ischaemic phase is due to the washing away of this 
accumulated substance. It may now be suggested 
that Lewis’s explanations fit the observed facts less 
well than the concepts put forward here : that the 
pain occurring during ischaemia is due to the 
irritating effect of ischaemia on the nerve supplying 
the lesion, and this effect increases the minimal 
impulses from the free nerve-endings, which had 
previously been insufficient to arouse a conscious 
sensation. 

It has been observed by Addis, Jepson, and Kell- 
gren (1950) that arterial occlusion increases the 
pain of deep suppuration, operation wounds, and 
some cases of superficial suppuration. It may be 
suggested that this increased pain is also due to an 
increase in the excitability of the nerve fibres 
supplying the lesion induced by ischaemia, as des- 
cribed in this study. 


Summary 


It was found that small painless somatic lesions 
could be rendered painful by making the limb 
ischaemic. An investigation of this phenomenon 
showed that ischaemia caused this effect when it 
was applied to only a short length of the nerve 
supplying the lesion. The lesions could be made 
painful also by alkalaemia. The phenomenon and 
its implications are discussed. 
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Foundations’ Fund for 


The Social Research Foundation has made a grant of 
approximately six million dollars for psychiatric research 
to Yale University and requested the Corporation of 
Yale University to establish the Foundations’ Fund for 
Research in Psychiatry. The purpose of this new 
foundation is, in the words of the donor, “ to support 
research into why people become mentally and 
emotionally ill, why they get well, how best to help them 
get well and how best to help them from becoming 
mentally and emotionally ill.” 

The distribution of this fund will not be confined to 
Yale University. Present plans contemplate that both 
income and principal will be expended in accordance 
with the stated purpose over a period of about 20 years. 


Research in Psychiatry 


At its initial meeting held in New Haven on March 27 
and 28, the Board of Directors discussed organization 
and general policy questions. It expressed interest in the 
training and support of competent investigators, in the 
development of appropriate research methods, in 
encouraging the pursuit of significant problems, and in 
the advancement of the basic behavioral and biological 
sciences as related to psychiatry. 

The Board invites the communication of ideas from 
interested sources but will not be ready to make 
decisions on grants for at least six months (from 
April, 1953). 

The temporary address of the new organization is 333 
Cedar Street, New Haven 11, Connecticut, U.S.A. 
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THE EXAMINATION OF THE CEREBROSPINAL FLUID AND 
CEREBRAL CYST FLUID BY PAPER STRIP ELECTROPHORESIS 


BY 


J. N. CUMINGS 
From the Clinical Pathological Laboratory, The National Hospital, Queen Square, London 


The application of the method of paper electro- 
phoresis to the study of the serum proteins is now 
well established, but it has rarely been applied to the 
examination of the proteins of the cerebrospinal 
fluid (C.S.F.) and not at all to those of the fluids 
from cerebral cysts. 

Schneider and Wallenius (1951) have recorded 
their results in 14 cases, five of which were normal, 
while more recently Wallenius (1952) examining a 
larger series was unable to come to any definite 
conclusions about pathological material, although 
he found that the normal C.S.F. protein pattern 
followed closely that of the blood pattern. Labhart, 
Schweizer, and Staub (1951) examined many fluids 
but used a microelectrophoretic technique and not 
the paper strip method. Schaltenbrand (1952) has 
also examined a large number of fluids. One of the 
difficulties experienced by some workers has been 
to obtain an adequate concentration of protein in the 
fluid. 

This paper records the results obtained in an 
examination of 70 pathological cerebrospinal 
fluids and of 45 cyst fluids found in association with 
cerebral tumours. 


Materials and Methods 


Seventy cerebrospinal fluids 
have been examined, three of 
which were obtained from the 
lateral ventricles while the 
remainder were lumbar fluids. 
Forty-five cerebral cyst fluids 
were obtained, 44 at operation 
and one at necropsy. 

The apparatus used is illus- 
trated in Fig. 1 and is some- 
what similar to that described 
by Flynn and de Mayo (1951), 
but differs in that separate 
perspex jars are used, one pair 
for each strip, and instead of 
the usual carbon rod a piece 
of platinum wire sealed in glass 





tubing acts as the anode. After application at the 
centre of a strip of Whatman No. | filter paper of 5 to 10 
c.mm. of concentrated C.S.F. or of cyst fluid, 120-126 
volts is applied overnight for 17 hours with a current 
consumption of 0-11 to 0-12 mA per cm. width. After 
the usual drying and staining of the strips the excess 
bromphenol blue is removed by washing in running tap 
water. When dry they are rendered transparent by 
dipping in the following solution : 


Tricresyl phosphate 7 parts 
Pet. ether B.P. 80—100° Se 
Acetone = oe 


They are dried and the depth of colour per mm. 
width is read in a suitable photoelectric apparatus. 


Preparation of Material.—Cerebral cyst fluid could 
practically always be used directly as for serum, but the 
protein content of the C.S.F., being low, needs concen- 
tration. Two methods have been used, and while both 
are satisfactory, the second is quicker. The fluid in each 
case is placed in a glass cylinder 3 cm. wide, across the 
lower end of which is a cellophane membrane. The 
tube is half immersed in 20%, ** dextran,”’ and sufficient 
concentration of the protein occurs in 24 to 72 hours at 
refrigerator temperature. Alternatively, the tube can be 
placed in 30% polyvinylpyrrolidone and concentration 
takes place either at room temperature or in the refri- 
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gerator in about 24 hours. The amount of fluid needed 
and the length of time of concentration required depend 
on the protein content of the C.S.F., usually between 
3 and 10 ml. of C.S.F. being required. Both solutions 
need renewing fairly frequently, and “ dextran” readily | 


Albumin. Globulins 
Serum 
applied here 


becomes infected at room temperature. 


Results 


Before consideration is given to the actual results 
obtained it might be useful to comment briefly upon 
the nature of the curves found using this method of 
examination. The type of protein pattern obtained 
from blood serum is illustrated by Fig. 2 from which 
it is seen that the largest component is albumin, and 
that it has travelled farthest towards the positive 
electrode, the direction of which is indicated by 
the arrow. 

The y globulin fraction, on the other hand, 
migrates towards the negative electrode, but only to 
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a point just beyond the site of application of the 








serum. The other globulin components are arranged < 

between these two fractions as indicated. Fic. 2 
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No.1 | No.2 No.3 | No.4 | No.5 | No.6 | No.7 | No.& | No.9 No. 10 | No. 11 | 
Protein | Protein Protein Protein | Protein | Protein | Protein | Protein | Protein Protein Protein | 
(g. Tt — 100 ml.) | (g./ /100 ml.) |(g. '100 ml.) (g./100 ml.) | (g./ /100 ml.) \(g./100 ml.)| | (g./ /100 ml.) | (g./100 ml.) | oie 
4:48 8:8 4:74 4-6 5-12 5-76 | 4-48 | 3°84 2°56 4-48 5-76 
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The quantity of each of these proteins is related 
to that area covered by the corresponding portions 
of the curve. When the patterns from cyst and 
cerebrospinal fluids are examined it will be seen that 
some of these components are absent, but that 
albumin and y globulin are always present. The 
a, and «a, globulins are those that may be 
missing, of which the former is most frequently 
absent. 


Some of the findings are shown in the accompany- 
ing charts. Fig. 3 shows the results seen in cerebral 
cyst fluids associated with tumours of the more 
malignant type such as glioblastoma, secondary 
carcinoma, a sarcoma, and a type 3 oligodendro- 
glioma. For comparison Fig. 4 gives curves 
obtained from fluids from the more innocent 
tumours such as the astrocytoma and ependymoma. 
The results from fluids associated with a variety of 
other tumours are illustrated in Fig. 5. The most 
striking feature is the apparently large amount of 
8 globulin in the more malignant cases, and the 
relative absence of this protein in innocent cases. 
However, in only a few cyst fluids is a protein 
pattern similar to that of serum found, and this 
occurs in the cerebellar haemangioblastoma which, 
as I have shown earlier (1950), has a chemical 
composition analogous to that of serum. 


Figs. 6, 7, and 8 illustrate the findings in the C.S.F. 
obtained from various disease processes. Many 
results obtained have been omitted, for in some 
diseases only single samples have been tested, 
and in others the patterns demonstrated show no 
features worthy of comment. 


Miscellaneous 
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Neuro- Haemangio- Cranio- ?Secondary Medullary 
fibroma Abscess blastoma pharyngioma Carcinoma ? Nature 
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No. 23 | No.24 | No.25 | No.26 | No.27 | No. 28 | 
Protein | Protein | Protein | Protein Protein Protein 
(g./100 ml.))(g./100 ml.),(g./100 ml.) (g./100 ml.) (g./100 ml.) (g./100 ml.) 
5:2 | 8:06 | S12 | 7-04 | S12 3-84 
Fic. 5 
Discussion 


A few comments about the apparatus and the 
technique are needed. Various methods and types of 
apparatus were tried before finally using that 
described here, as all others were found to have 
various defects. The first technique used was that 
described by Schneider and Wallenius (1951) but 
this was discarded for reasons similar to those 
given by Flynn and de Mayo. The use of separate 
pairs of perspex jars was then tried and this was 
found to effect a saving of buffer, as only about 
75 ml. of barbitone buffer need be used in each jar, 
so that should the need arise it is only necessary 
to change the buffer in one or two jars and not in 
the whole trough as used by Flynn and de Mayo. 
The use of a carbon rod as a positive electrode 
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always resulted in the buffer rapidly deteriorating 
with fragments of carbon in it, whereas the use of a 
platinum wire electrode obviated this disadvantage 
and rendered changing of the buffer to be less 
frequent. 

Anisole was used at one time to render the paper 
strip translucent, byt this meant that the paper 
could not be dried, whereas with the solution 
recommended here the strips can be dried, and 
provided they are stored in the dark, they can be 
kept for long periods without alteration or loss of 
colour. 

It is at once obvious on consideration of the 
results obtained from cerebral cyst fluids that the 
protein patterns do not resemble those seen with 
serum, except in two conditions. When a cyst has 
once been tapped it may fill again fairly rapidly and 
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Cerebrospinal Fluid 
Cerebral Tumour 
— | ate Sie cma aai a Barer, BT 
No. 13 No. 14 | No. 15 No. 16 | No. 17 | No. 18 No. 19 | No. 20 No. 21 No. 22 | No. 23 No. 24 
| Protein Protein | Protein | Protein | Protein | Protein | Protein Protein Protein Protein | Protein Protein 
(g./100 ml.) \(g./100 ml.) (g./100 ml.) (g./100 ml.) |(g./100 mi.) \(g./100 ml.) | (g./100 ml.) (g./100 ml.)\(g./100 ml.) (g./100 ml.) \(g./100 ml.) (g./100 ml.) 
0-100 0090 | OO1IS | 0-140 28 0-320 1-800 | 2-18 0-120 0-500 | 0-090 0-070 
Nature Nature Choroid | Glio- Glioma Neuro- Glio- Glio- Glioma Neuro- | Nature Sarcoma 
unknown | unknown | papilloma | blastoma fibroma | blastoma | blastoma fibroma | unknown | 
Fic. 7 
Cerebrospinal Fluid 
Meningo- Spinal 
encephalitis Tumour Paraplegia Post-operative Cases of Congenital Lesions —-—----——-> 
] 
No. 25 No. 26 No. 27 No. 28 No. 29 No. 30 | No. 31 No. 32 No. 33 No. 34 No. 35 
Protein Protein Protein Protein | Protein Protein | Protein Protein Protein Protein | Protein | 
(g./100 ml.) | (g./100 ml.) | (g./100 ml.) | (g./100 ml.) (g./100 ml.) (g./100 ml.) |(g./100 ml.) | (g./100 ml.) | (g./100 ml.) | (g./100 ml.) | (g./100 ml.)} 
0-350 0-400 | O-110 0-560 0-120 | 0-160 | 0-060 0-480 0-210 0-700 0-060 
Lange Lange Hydro- Hydro- Con- Hemi- Hemi- Hemi- | 
0012332100 | 0012233200 cephalus | cephalus genital spherec- spherec- spherec- 
defect tomy tomy tomy 
Fic. 8 


the fluid obtained at later punctures more closely 
resembles serum in character. The other exception 
is in the fluid from a cerebellar cyst associated with a 
haemangioblastomatous nodule in the wall. These 
findings agree with an opinion expressed earlier 
following chemical analysis in which the cyst fluid 
in such cases apparently originated from serum 
(Cumings, 1950). It was also noticed then that the 
albumin content of the cyst fluid was relatively low 
when compared with the total protein, more 
especially in the malignant group, and the present 
work explains this anomaly, for in this group, as 
can be seen from Fig. 3, there is.a relative increase 
in the globulin portion, more especially in the 8 
globulin, or at least in a zone occupied by that 
fraction in normal serum. It is not yet possible to 
state with certainty whether this increased globulin 
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is derived from the blood or from the tumour, 
but preliminary experiments on extracts from 
tumour tissue suggest the latter as a distinct possi- 
bility, for in two such experiments a 8 globulin and 
a trace only of « globulin and of albumin were 
obtained, but further work is needed along these 
lines. Meanwhile, the presence of this increased 
protein may be of some diagnostic value in the 
examination of cerebral cyst fluids, for even though 
it has been seen in some of the other records the 
diagnosis in these cases is unknown or uncertain, 
and it may well be that the tumours in these cases 
were also actively growing or malignant in nature, 
as was in fact true in two instances. 


Consideration of the results found in C.S.F. at 
once make it clear that the protein patterns of these 
pathological fluids are not similar to those of serum, 
even though Wallenius (i952) found patterns in 
normal fluids similar to those of serum. Labhart 
and others (1951), however, found a higher albumin 
globulin ratio in the C.S.F. compared with blood 
serum. Pathological conditions certainly alter the 
proteins and there are striking examples of this, 
particularly in cases of cerebral tumour, syphilis, 
and disseminated sclerosis. The results in the 
fluid from cases of cerebral tumour seen in Fig. 7 
immediately recall the results seen in cyst fluids 
from malignant tumours. The protein patterns in 
some of these cerebrospinal fluids also show that 
8 globulin is relatively abundant and that it is more 
frequently seen when the tumour is malignant. 
This, too, may prove of some diagnostic value. 


The fluids in cases of syphilis and disseminated 
sclerosis are most interesting and they show a 
considerable excess of y globulin, and in some cases 
of syphilis there is obviously more globulin than 
albumin, a fact which is not in accord with the 
statement of Walshe (1952) that this never occurs. 
It is also a little remarkable that y globulin is more 
abundant in syphilis than in disseminated sclerosis, 
while it is noteworthy that an increase in this 
globulin by itself does not parallel the Lange curve 
exactly, and in a number of cases the Lange curve 
is paretic with relatively low y globulin; the 
reverse is also seen. These findings are in agreement 
with those of Labhart and others who were using a 
different technique. 


Fluids from meningo-encephalitis showed rather 
unexpected results which cannot be explained. The 
fluids from lesions following damage to the spinal 
cord, as well as a case of spinal tumour, have given 
abnormal protein patterns showing increased y and 
& globulin, and these results are unlike those that 
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could be produced by transudation of fluid {rom 
serum, as has been postulated. 


Fig. 8 shows the results from fluids obtained 
post-operatively, and in many of these cases there 
had been some blood in the C.S.F. previously: 
accordingly the patterns tend to be similar to those 
of serum. 


Some fluids after concentration were kept for 
some days in the refrigerator and also at room 
temperature, and for one week no alteration in 
pattern from the original was seen at either tem- 
perature. Only one fluid, kept at ropm temperature 
for eight days, showed a small area of additional 
staining beyond the albumin, but in no other fluid— 
either lumbar or ventricular—was this found, and 
it is felt that alteration of the protein may have 
taken place. 


A number of sera have been examined in parallel 
with the C.S.F. or cyst fluid from the same patient, 
and in almost every case the patterns were different. 
One exception was seen in a patient with a glio- 
blastoma in whom the serum also showed a relatively 
raised 8 globulin. 


Little attempt has been made to measure the 
amounts of each component protein as it is generally 
agreed that such results do not parallel those 
obtained by the classical Tiselius method. However, 
in some cases this has been done and it may be of 
value in following treatment in syphilis, but usually 
a visual impression of the shape of the pattern is 
adequate for ordinary diagnostic purposes. 


Summary 


The results of the examination of the proteins of 
70 cerebrospinal fluids and 45 cerebral cyst fluids by 
means of paper strip electrophoresis are recorded. 


No correlation between the pattern of the serum 
proteins and those of the materials examined was 
obtained except for cyst fluids associated with 
cerebellar haemangioblastoma, and in cerebrospinal 
fluids from meningitis and post-operative conditions 
in which blood had been mixed with the fluid. 


An excess of globulin in the position of the 3 
component in serum was found in both cyst fluids 
and cerebrospinal fluids from cases of malignant 
tumours, and also in two cases from tumour tissue 
itself. 


The Lange reaction did not exactly parallel the 
amount of y globulin in syphilis or in disseminated 
sclerosis. 
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THE EARLY DIAGNOSIS. OF TUMOURS OF THE CAUDA EQUINA 


BY 


JOHN N. MILNES 


From the National Hospital, Queen Square, London 


At present low backache, pain in the distribution 
of the lower lumbar or first sacral roots, or the 
combination of these symptoms, are so often found 
to be due to protrusion of an intervertebral disc 
that other and less frequent causes may be forgotten. 
The protruded disc often causes symptoms in the 
form of recurrent lumbago over a period of many 
years before symptoms of root compression appear, 
and then as a rule only a single root is affected. 
There are, however, exceptions to these general 
rules. The protrusion may cause root compression 
without preceding backache, and if it be centrally 
placed may compress the cauda equina. The 
symptoms may then be hardly distinguishable from 
those of some other space-occupying lesion such as 
a tumour. The majority of tumours of the cauda 
equina are benign and easily removable. They often 
cause pain and other symptoms for some time 
before there are any abnormal physical signs, and 
when such signs are present they may markedly 
resemble those of a protruded disc. 

The purpose of the present paper is to analyse 
the symptoms and signs in a series of 20 proved 
cases of cauda equina tumours with special emphasis 
upon the differential diagnosis from disc protrusion. 


Material 
The 20 cases have been subdivided as follows :— 


(A) Fibrous Encapsulated Tumours 
Neurofibroma = & oe 12 
Meningioma bt us zs 2 


(B) Other Primary Tumours of the Cauda Equina 
Glioma me ae ron Ae, 3 
Ependymoma nf en ge 2 
Haemangioblastom os “ 1 


The average age of patients in Group (A) is 
43-5 years and is nearly twice that for Group (B) 
which is 23. The youngest patient in Group (A) 
was 12 years old and had a neurofibroma. The 
difference in sex incidence does not appear to be 
significant. 


Symptoms at the Onset 


There are no particular symptoms associated with 
either group of tumours, but the average time before 
the diagnosis is established is significantly different. 
This was found to be nearly five years for the en- 
capsulated tumours, as opposed to 21 months for 
the more invasive types. 


Pain.—Pain was the first symptom for 19 of 
these 20 patients. In only one did the story start 
with weakness. In half the patients the pain began 
in the lumbar region. In three it started in both 
thighs, in two in the knee, and in the others either 
in the foot, buttock and groin, pubic region, or the 
back of one or both legs. 

The pain may be sudden and severe or begin 
insidiousiy. Even when the onset is insidious the 
pain frequently becomes severe and this was so in 
four of six such patients. It was then particularly 
unpleasant and exhausting and was subjectively 
described as “* cutting *’, “‘ a deep, unbearable ache ”’, 
‘““enough to make me scream”, “ tearing”, 
“agonizing and causing me to shout out”. The 
remaining 13 had a sudden, severe onset and in five 
of these it was initiated by muscular effort. For 
instance, one patient had a sudden severe pain 
from the sacral to the mid-thoracic region of the 
spine which prevented him from moving and which 
occurred for the first time when he was lifting a 
heavy weight. A second patient, on rising from a 
stooping position, experienced a sudden, tearing 
pain in the medial side of the knee. 

In two-thirds of the cases the pain was aggravated 
by sudden movement and by coughing or sneezing. 
Ten patients found that to get up and walk about 
relieved pain which had become worse while they 
were recumbent. The duration of the initial pain 
was very variable. In three patients it continued for 
several weeks and then ceased for a time; in 
eight, stabs or short bouts of pain initiated a more 
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continuous phase, while in the remainder it was 
virtually continuous, but often with severe exacer- 


bations. 


Weakness.—The exception referred to in the 
previous section found that his left leg was gradually 
becoming weaker and that he tended to lose his 
balance. It was not until seven years later that the 
first sensory symptom occurred. This was a sensa- 
tion of heat in the dorsum of the left foot, to be 
followed 20 months later by severe, immobilizing 
pain in the lumbar region on getting out of bed. 


Course of the Illness 


Though some of the patients had a bout of pain 
lasting for several weeks and initiated by muscular 
effort, in none of them did it recur in a similar way ; 
they might be free of pain for as long as a year, but 
on returning it would be of a more chronic and 
permanent nature with exacerbations, often pro- 
voked by sudden movement or straining. 

The onset of weakness was nearly always insidious 
and might be noticed either at the periphery or in 
the proximal part of one or both legs. It might 
appear after two or three months or be delayed for 
14 years. Considering each group as a whole, the 
invasive tumours produced weakness after about 10 
months and the encapsulated ones after 40 months. 

Although irritation of sensory roots occurred 
early, an actual sensory deficit would not be noticed 
until late in the illness, and when it did appear, the 
area affected was often small. Seven patients com- 
plained of numbness of part of one or both feet, 
one of numbness of the thigh, and another three 
were not fully aware of the passage of urine and 
faeces. 

Micturition became affected in eight cases. There 
was either difficulty in passing or in holding urine. 
This disturbance appeared late in all seven patients 
with an encapsulated tumour. In none of them did 
it occur earlier than two years after the onset of the 
first symptom and on the average six years had 
elapsed. The remaining patient had a glioma and 
other symptoms had been present for seven months. 
At the time of diagnosis all eight patients had 
marked motor and sensory signs in both legs. The 
diagnosis was usually quickly arrived at after the 
onset of disturbed micturition, but in two patients 
a further two years elapsed before the true cause 
was determined. A tumour involving nerve roots 
innervating both legs may spare the more medial 
roots and not give rise to a disturbance of micturi- 
tion. In this series there were six such cases, all 
having bilateral motor signs and three an extensive 
bilateral sensory loss in addition. 


159 


Signs at Diagnosis 


The principal physical findings are summarized in 
Table 1. Unfortunately the motor findings do not 
permit a more detailed analysis. 

Examination of the spine is also important, 
though no abnormality may be detected and 
straight leg raising may be adequate. Eleven 
patients had limitation of movement associated 
with pain and muscle spasm; eight had local 
tenderness, three without limitation of movement ; 
six patients did not show any abnormality. 


Investigations 


X-ray Examination of the Spine.—Positive findings 
were infrequent. Five of the patients with encap- 
sulated tumours showed bony changes, but on the 
average these had had symptoms for nearly four 
years. Erosion of the posterior part of the vertebral 
bodies is shown in Figs. 1 and 3, and flattening of 
the pedicles in Figs. 2 and 4. 

Of the remaining patients, one showed an increase 
in the interpedicular distance from D12 to L3; 
this was in a young girl having a short history of 
three months. 


Lumbar Puncture.—The abnormalities concern 
the manometrics and protein content of the cerebro- 
spinal fluid. They are arranged in Table II. It will 
be seen at once that the protein content is 
significantly raised in all except one case even if there 
is no block. 


Myelography.—This investigation was carried out 
on 14 patients and in every case there was either a 
complete block or a filling defect. Three of the 
remaining six patiénts were amongst those showing 
bony changes in the plain films. 

The patient who had only 60 mg. of protein per 
100 ml. in the cerebrospinal fluid showed an 
oval filling defect opposite the body of Ll. This 
is clearly seen in Fig. 8. Fig. 7 shows another 
example of a local filling defect, though this is 
also associated with a complete block at the upper 
border of L2. 

Figs. 3 and 4 show a complete block at the lower 
margin of D12 and the myodil can be szen to be 
encircling the upper borders of a neurofibroma. 
Figs. 5 and 6 show a rather similar picture and there 
is also an increase in the interpedicular distance with 
some flattening of the pedicles. 


Conditions Simulated by Cauda Equina Tumours 


Pain is usually the first symptom causing the 
patient to seek medical advice, and the greatest 
difficulty in making a diagnosis is at this stage when 
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Fics. 1 and 2.—Neuro- 
fibroma: lateral and 
antero-posterior pro- 
jections of lumbar verte. 
brae showing erosion 
of the posterior aspect 
of the bodies, an in- 
creased _interpedicular 
distance, and flattening 
of the pedicles. 


Fics. 3 and 4.—Neuro- 
fibroma : cisternal 
myelogram showing 
a complete block and 
outlining the upper 
margins of the tumour. 
There is erosion of 
the posterior aspect 
of the body of the 
second lumbar verte- 
bra, an increased inter- 
pedicular distance, 
and flattening of the 
pedicles of several 
vertebrae. 
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Fics. 5 and 6.—Ependy- 


Fic. 


moma: cisternal myelo- 
gram showing a partial 
block. There is an in- 
crease in the interpedicular 
distance and flattening of 
the pedicles below this 
level. 


7.—Two neurofibromata : 


lumbar myelogram showing a 


complete block at the upper border of the second lumbar 
vertebra and a local filling defect on the left side. 


Fic. 8.—Neurofibroma : lumbar myelogram showing a local filling 
defect at the level of the first lumbar vertebra. 
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TABLE I 
SIGNS AT DIAGNOSIS 
| | Knee | 
| Length Se Roots and | 
Case | of . nvolved | Ankle Sphincter 
0, | Pathology History Motor Signs ‘Reflexes | Affected 
(years) 3357 amps B “i; Te 
| Peake ETE 
1 | Neurofibroma 3 | Slight weakness dorsiflexion R. hallux | — i — id Ba 
nad | Pi 2 ha 4 
2 Neurofibroma | Marked wasting L. buttock and hamstrings ; slight — — t a 
| weakness inversion and dorsiflexion L. foot | O | 
3 | Neurofibroma | 13 | Slight wasting and weakness quadriceps and dorsi- | L5—S2 L5-S2 | .0/} 0 Gs 
- | flexors feet ; L. worse than R. 
4 | Neurofibroma ea Gross wasting and weakness both limbs, R. worse | T10—S5 | T11-SS | 9 ° | Anal, bladder 
than L 
5 Neurofibroma | 9 Slight wasting calves and L. thigh ; marked weakness | SI-S5 | L5-SS5 | +4 + | Bladder 
| L. limb and below R. knee | }o;o| 
Neurofibroma 3 Slight wasting both limbs ; weakness mainly on knee L5-S5 | LS5-S5 0 0 | Anal, bladder 
flexion, dorsiflexion, and eversion ankles | +4 + | 
7 | Neurofibroma | 24 | Little movement possible at ankles ; marked weakness L4-ss | L4-ss | 0 | 0 | Anal, bladder 
| | on knee flexion but slight elsewhere 10/0 
8 | Neurofibroma | 10 | Slight wasting and weakness L. hip flexors, thigh | L2-3 | i2-3 + 
| | adductors, and knee extensors | + 
9 Neurofibroma | 7 Marked wasting and weakness R. buttock and below | S2-5 LS-SS | + + | Bladder 
knees 0 0 
10 | Neurofibroma | 4 | Weakness hip flexors and knee extensorg; wasting | LS-SS L5-S5 | 0 0 | Bladder 
| | and weakness below knees 1o;|0 
11 Neurofibroma | 4 Moderate weakness R. quadriceps, R. anterior and | — — - 
posterior tibial muscles 
12 | Neurofibroma | 1} | Slight wasting and weakness L. ‘quadriceps ‘and bel below w | | Ls- SI 
| knee 
13 Meningioma 2} | Marked wasting and weakness pelvic girdle ‘and nd below “L4-S5 L4- SS | + ‘ 
| knees, especially R. calf > ia 
14 | Meningioma 6} | Slight wasting both limbs with moderate generalized | LS-S3 | L4-S3 | + | 0 | Bladder 
weakness Hyper- Hyper- | 
aesthesia | aesthesia 
D9-L2 DJ-L2 0) 0 
“4 Glioma 2 | Slight generalized wasting and ‘weakness both limbs, las er ' ' 7 
especially R 
16 | Glioma | 14 | No wasting; moderate generali zed weakness both | | $3-5 ig 3-5 2 : | Anal, bladder 
| | limbs | } 0 | 0 | 
17 | Glioma 3 | No wasting; moderate generalized weakness “both | Dil- ss. | DII-SS5 oe 
| limbs | 0 
18 | Ependymoma } | Slight weakness hip flexors and knee extensors ; % pa | —z 1 
0 | 0 
“19 Ependymoma 4 | Moderate wasting and weakness R. buttock and limb, | L3-5 - | 0 
| excluding the calf : 
20 | Haemangioblastoma 34 Slight wasting below knees ; movement ankle and | —- L4-S3 | 0 : y ; Anal 


toes absent on R. nearly on L. 


0 | 0 





there are usually no neurological abnormalities. in the same site. This 


necessitated walking slowly, 


The backache may suggest the possibility of a doubling up, and avoiding any sudden strain. A diagnosis 


local structural defect. A typical case history is as Of “spina bifida” was made at a neurosurgical unit, 
follows :-— but six months later an inoperable ependymoma was 


revealed. 
Case 19.—P. H. was awakened from sleep by a sudden, 
sharp, and severe pain in the lumbar region which was 


Fibrositis is still a popular explanation of these 


aggravated by moving ; this lasted half an hour and did C4S€S of backache in spite of the publicity given to 
not recur for another month. On this occasion he was Prolapsed intervertebral discs. The latter diagnosis 


running to parade when a similar pain was experienced 





is more likely to be suggested when there is radiation 
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of the pain into one or both legs and was made in 
both of the following cases :— 


Case 13.—L. B. developed a severe, sharp, cutting 
pain in the lumbo-sacral region which was worse on 
coughing and movement. Treatment comprised dia- 
thermy, massage, mud packs, baths, and subsequently 
manipulation three months after the onset of definite 
weakness of the legs. 


Case 3.—J. P. developed a dull ache in the lumbar 
region after hyperextending her back at school. This 
did not subside and a plaster jacket was fitted. Nine 
months elapsed before foot drop developed ; a further 
six months passed before the diagnosis was made. 


The backache may be interpreted as a referred 
pain from visceral disease but even when this is 
present it is not necessarily the cause of the symptoms 
as in Cases 6 and 14. 


Case 6.—E. J. had severe pain in the left lumbar region 
and this continued in spite of the removal of a cystic 
kidney. She then had a slight vaginal discharge. Curet- 
tage under general anaesthesia revealed nothing serious, 
but subsequently there was great difficulty in walking. 
It was a further two and a half years before the explana- 
tion for this pain was discovered. 


Case 14.—A. S. developed a continuous ache in the left 
loin, and there were exacerbations preventing sleep. 
Relief was obtained by getting out of bed and walking. 
Three years later a hysterectomy was performed but 
this had no effect on the pain, which was now beginning 
to radiate down the back of the legs. After a further 
three years colpo-procto-perineorrhaphy was carried out 
without effect. A few months later the legs became numb, 
micturition was affected, and the pain became exceedingly 
severe at this juncture ; diagnosis was finally established. 


Root pain without backache may suggest some 
local cause in the legs as in Case 8. 


Case 8.—M. D. had a sudden, severe, tearing pain in 
the inner side of the left knee when straightening up 
from a bending position. She rubbed the knee for about 
half an hour, at the end of which time the pain and 
difficulty in moving the leg had disappeared and she 
continued her work. These attacks occurred periodically 
for the next seven years and gradually began to trouble 
her at night, awaking her from sleep. The pain also 
began to spread up the thigh into the buttock and to 
localize there permanently. Treatment included two 
courses of physiotherapy, a vaccine, and extraction of 
all teeth before the diagnosis was made three years later. 


Persistence of an unexplained pain without 
abnormal signs may lead to the diagnosis of a 
neurosis as in Case 2. 


Case 2.—F. W. started to experience pain in the left 
buttock and groin two years before the diagnosis was 
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made. It was described as a “ kind of drawing pain” 
and would radiate down the thigh and the outer aspect 
of the leg into the toes. Initially it was intermittent and 
tended to come on after walking or stooping; it was 
aggravated by coughing, sneezing, or straining at stool. 
A year later the patient noticed that the left thigh was 
becoming weaker but there was still no wasting. She 
was admitted to hospital, the condition was said to be 
functional, and electric convulsion therapy was adminis- 
tered. She continued to deteriorate while a course of 
10 shocks was administered. 


It is possible for local trauma or infection to 
produce very suggestive symptoms and signs. This 
will be discussed more fully later, but the following 
case illustrates the difficulties. 


Case 4.—S. S. had had intermittent pain in the back 
and thigh for 13 years before he staited to have some 
difficulty in passing water. Absence of ankle jerks was 
thought to be due to peripheral neuritis and the prostate 
was cauterized. After a temporary improvement, his 
condition worsened ; this deterioration was said to be 
due to the spinal anaesthetic. 


Discussion 


Compression of the nervous structures within the 
spinal canal is suggested by the following features. 


Pain.—Pain in the lumbar region is often the 
presenting symptom but it may occur in root 
distribution in one or both legs. It is often severe 
and aggravated by movement and coughing. This 
type of pain may occur with either a prolapsed 
intervertebral disc or with a cauda equina tumour, 
but it is often particularly unpleasant in the latter 
and unrelieved by complete rest. Patients with 
tumours are often more comfortable while walking 
about than when resting in bed. 

The mode of onset does not help. O’Connell 
(1943) states that over 50% of his cases with a 
prolapsed lumbar intervertebral disc had an onset 
associated with trauma. In 25% of the patients with 
cauda equina tumours the pain started during 
muscular effort. The occurrence of recurrent 
episodes of sudden, immobilizing pain brought on 
by effort is much more suggestive of a prolapsed 
disc. As already mentioned, none of the patients in 
this paper had a second episode of this kind, 
though such cases have been described. Pomeranz 
(1945)' records a case in which, for five years, a man 
had recurring attacks of low back pain brought on 
by lifting and made worse by movement or jarring. 


Paraesthesiae.—These subjective sensory disturb- 
ances are common with both prolapsed discs and 
cauda equina tumours as they are produced by the 
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irritation of nerve roots. Extensive numbness is 
not found except with a large central prolapse or in 
the late stages of tumour compression. 


Weakness.—Pain will prevent a person from 
using the limb properly, but actual weakness 
immediately suggests that there is interference with 
nerve pathways. There is no characteristic picture 
here, but motor symptoms are relatively uncommon 
with prolapsed lumbar discs (O’Connell, 1943). 
Ultimately they invariably occur with tumours but 
the aim is to make the diagnosis before there is any 
serious involvement of motor function. 


Disturbance of Micturition.—This may occur with 
any form of pressure on the sacral nerve roots. It 
is a late occurrence with tumours and does not 
necessarily appear when both legs are involved. It 
is relatively uncommon with disc protrusions, but 
the extrusion of a large part of a disc may cause 
paraplegia and incontinence of urine and faeces. 
The story of characteristic, intermittent pain with a 
sudden serious deterioration is very suggestive of a 
disc lesion, but the precise diagnosis may be im- 
possible until operation. Dandy (1942) drew 
attention to the need for urgent surgical treatment 
of patients with a large central protrusion, and Ver 
Brugghen (1945) fully described the clinical picture 
presented by nine such cases. 


Abnormal Neurological Signs.—As will have been 
seen in the analysis of the cases presented here, 
' abnormal signs may be absent, confined to the 
territory of one nerve root, or be very extensive. 
There is no specific arrangement of abnormalities 
typical of cauda equina tumours, but the presence 
of very severe pain accompanied by little in the way 
of signs should arouse suspicion. 


Methods of Investigation.—In the investigation of 
these patients the following methods are of value. 


Plain X-ray Films.—Early positive findings are 
infrequent, but erosion of the bodies and pedicles 
of the lumbar vertebrae may be visible. Any local 
structural abnormality, or narrowing of a disc space 
suggestive of a prolapse, may only be incidental. 
It is also important to exclude any gross bony 
disease. 


Lumbar Puncture.—If the puncture is below a 
block abnormal manometrics will be obtained, but 
the protein content of the fluid is much more im- 
portant for this may be raised, even above the 
block. Attention was drawn to this as long ago as 
1923 by Cushing and Ayer who reported five cases 
with xanthochromia and excess protein above a 
cauda equina tumour. As will be seen in Table II, 
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TABLE II 
MANOMETRICS AND C.S.F. FINDINGS 














| A | Lene 
Protein | ‘ngth 

Case 7 : Degree of ae 
Number | Pathology | Block 108 oh History 
| (years) 

1 | Neurofibroma | Complete 10, 000 } 

= 4 Partial 200 2 
3 | | Complete 2,500 1} 

4 | No record No record 15 

4 | None “4 9 

6 | Complete 3,800 3 
7 | Partial 6,400 24 

8 Complete 500 + 10 

9 None 150 7 

10 No record 4,000 4 
11 | Partial 1,200 } 
12 ‘ | None 60 1} 
13 Meningioma | Partial 500 24 
14 a | Puncture above 190 6} 

| _ lesion 

15 Glioma Partial 3,200 2 
16 % Partial 260 1} 

17 jo | Partial | 5,000 3 
18 Ependymoma | Complete |  §,000 i 
19 | oF Complete 3,200 \ 
20 Haemangio- Partial | 160 34 


blastoma | 





the protein is markedly increased in all but one case. 
Love (1944), when discussing the differential 
diagnosis of intraspinal tumours and protruded 
discs, emphasizes this point and says that at the 
Mayo Clinic it is very rare for the protein to be 
higher than 100 mg. per 100 ml. with a disc alone. 

Inflammatory lesions of the cauda equina do 
occur, but most of the papers on the subject were 
written before the prolapsed intervertebral disc was 
a well recognized clinical entity. Elsberg and 
Constable (1930) analysed 45 cases with cauda 
equina lesions. Twenty-eight of these had tumours 
and 17 had congested, swollen roots. Twelve of 
the latter underwent lumbar puncture and in all the 
protein level was normal. 

Cramer (1934) studied the records of 26 snsionte 
who were said to have cauda equina radiculitis, 15 
being verified surgically. He admits, however, that 
69% had local arthritic changes of such a degree as 
to suggest a direct relationship to the symptoms of 
root compression. In another 15% other patholo- 
gical conditions were discovered at a later date, 
leaving 15% unaccounted for and possibly trve 
examples of a myeloradiculitis. The cerebrospinal 
fluid protein level was often normal and usually lay 
between 50 and 80 mg. per 100 ml. The highest 
figure is not disclosed. 

A high protein level may be found with spinal 
arachnoiditis. Elkington (1936) described the clinical 
and operative findings in 41 cases, five of which 
showed signs of disorder of the lumbo-sacral 
enlargement or of the cauda equina. He concluded 
that a marked increase in protein only occurred as 
a result of occlusion of the subarachnoid space. 
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Myelography.—This has become an essential part 
of the investigation of patients with symptoms and 
signs suggestive of spinal compression. When it is 
fairly certain that operation will be required, it is 
advisable to carry out the myelography on the same 
day. ‘* Myodil” itself is rarely harmful but the 
alteration of the pressure within the canal may 
lead to a sudden deterioration in the condition of 
the patient. 

Toumey, Poppen, and Hurley (1950) felt that the 
single most important factor in the diagnosis of 
cauda equina lesions was the myelogram, and held 
that it should be used as a routine in all cases 
admitted for surgical treatment of a suspected disc 
lesion. Apart from a few examples, they do not 
give any details but at the same meeting Ford and 
Key (1950) analysed the myelographic findings in 
206 patients who had been operated on for low 
back pain. The findings were accurate in 149, and in 
another 17 a mid-line disc protrusion had been 
indicated instead of a lateral one. This left 40 with 
major discrepancies, 10 having a disc protrusion at 
another level, 27 a lesion in spite of a normal 
myelogram, and three no lesion but a positive 
myelogram. 

Dodge, Svien, Camp, and Craig (1951) at a 
discussion on tumours without neurological mani- 
festations but producing low back and sciatic pain 
stressed the importance of running the oil as high 
as D8, for there had been several patients at the 
Mayo Clinic with a tumour higher than a lumbar 
disc protrusion. 


Results.—The importance of early diagnosis was 
emphasized by Allen (1930) after reviewing the 
literature and his own cases. This is clearly seen 
when investigating the eventual fate of the patients 
discussed in this paper. 

The complete removal of the tumour is usually 
possible when it is a neurofibroma even if the 
history is a fairly long one. Of the 12 patients with 
this type of lesion, 10 had it completely removed 
and eight made a good recovery; one did not 
improve and one died from a pulmonary embolus. 

With any other type of tumour early diagnosis 
becomes of paramount importance. Even with a 
meningioma, complete removal was impossible 
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after two and a half years. Of the remaining patients, 
only one did well; she had an ependymoma 
completely removed after a short history of three 
months. After seven months the other case with an 
ependymoma had become inoperable. 


Summary and Conclusions 


The abnormal signs on examination and the 
development of symptoms in 20 patients with a 
surgically verified cauda equina tumour are out- 
lined. 

Details are given of the cerebrospinal fluid 
findings and the results of straight x-ray and 
myelographic examination. A high protein content 
of the cerebrospinal fluid is an important early 
change. 

Difficulties in differential diagnosis are discussed 
and illustrated with examples. 

Pain is the most important early symptom and 
its characteristic features should arouse suspicion. 
Abnormal neurological signs may be absent or long 
delayed and the picture may become obscured by 
psychological difficulties. 

A tumour of the cauda equina should always be 
considered as a possible diagnosis in a case of low 
back pain which cannot certainly be ascribed to 
another cause. 


I wish to thank the Medical Committee of the National 
Hospital for permission to use the hospital case records 
and Drs. Hugh Davies and E. Rohan Williams for the 
radiographs. I am particularly indebted to Sir Charles 
Symonds for his constant encouragement and helpful 
interest. 
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NOCTURNAL MYOCLONUS 
BY 
CHARLES P. SYMONDS 


From Guy's Hospital, London 


It is not at all uncommon to find people generally 
considered to be in normal health, and without any 
clinical symptoms of epilepsy, who say that occa- 
sionally when just dropping off to sleep they 
experience a sudden, involuntary jerk of the limbs 
or body. This is momentary and as a rule confined 
to the lower limbs. The subject wakes with a start, 
and usually then drops off to sleep, but the jerk may 
sometimes recur. It never occurs under other 
conditions, happening, therefore, in bed, or much 
less often, on dozing during the day. It is of com- 
paratively rare occurrence in persons who have the 
liability and does not appear to be precipitated by 
fatigue or anxiety. For convenience in discussion I 
shall refer to this phenomenon.as nocturnal jerks, to 
be distinguished from nocturnal myoclonus. For 
many years I have suspected that the liability to 
nocturnal jerks, if excessive, may be associated 
sooner or later with the manifestation of epilepsy. 
This suspicion has been supported by routine 
enquiry for a past history of the nocturnal jerks in 
patients presenting with epilepsy in later years. In 
a few such cases it has been possible to discover that 
a similar excessive liability to the jerks has been 
present in near relatives, though they have never 
had any epileptic attacks. 

There is another group of patients who suffer 
from involuntary clonic movements at night which 
are greatly in excess of those which may occur in 
normal persons. For this condition I propose the 
term nocturnal myoclonus and shall relate some 
examples. 


Case Reports 


Case 1.—A successful and active man of business, 
aged 57, presented himself in 1951 with the complaint 
of involuntary movements preventing sleep. There 
was no family history of epilepsy. In the first world war 
he sustained a gun-shot wound of the head, involving 
the scalp only. There was brief retrograde amnesia and 
a post-traumatic amnesia cf about 48 hours, with no 
sequelae. In 1933, at the age of 39, he began to have 
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occasional involuntary jumps of the trunk and limbs at 
the moment of going off to sleep. At first there would be 
a single jerk only, but as time went on there would be 
repetition at intervals of a minute for an hour or two. He 
stated that he could always tell if he were going to have 
the jumps because they were preceded by hypnogogic 
hallucinations as soon as he closed his eyes. He did not 
have the jumps every night but for a series of nights, 
after which there would be an interval of freedom. In the 
early stages of his complaint this had been as long as a 
year, but now freedom for six weeks was exceptional, 
and the series of bad nights lasted two or three weeks. 
In the past two years in association with each jump 
he had had a curious feeling in his head, which he likened 
to the sensation experienced when his knee jerk was 
elicited, as if, he said, he had been hit on the head and 
this caused the jerk of his whole body. He suffered from 
flatulent dyspepsia and thought he was more apt to have 
the jerks when this was bad. He had been discovered 
seven year's previously to have a high blood pressure, and 
this was 200/130 mm. Hg at the time of examination. 
Otherwise he was in good health without abnormal 
physical signs. His only complaint was of loss of sleep 
when disturbed by the jumps. 

No E.E.G. was obtained in this case. 
of the skull were normal. 


Radiographs 


The possible significance of the head injury in this 
case cannot be disregarded. The same question will 
arise in Case 3. 


Case 2.—A business man, aged 56, was seen in 1951, 
complaining of involuntary movements at night interfer- 
ing with sleep. There was no relevant family or past 
history. At the age of 40 he began to have occasional 
involuntary jerks in bed at night to which he did not pay 
much attention. At the age of 46 there was an episode 
which was at the time alarming. He had been working 
after dinner and because he was feeling strained and 
tense took a stroll in the garden. Suddenly he “ felt he 
was going” and collapsed in a heap with a sense of 
dying. He was quite conscious, called out, and was 
carried indoors and laid on a couch. Widespread clonic 
jerking of limbs and trunk then began and continued for 
about an hour. He was then admitted to a hospital, 
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where coronary thrombosis was suspected, but an E.C.G. 
was normal. From that time to the present, a period of 
10 years, he had suffered in the way described in the 
following notes. He gives a very clear account of his 
attacks. They occur only in his sleep or, more frequently, 
at the moment of dozing off to sleep. Naturally, 
therefore, they happen in bed at night, but may also 
occur if he dozes during the day. He describes three 
separate varieties of attack. 

In the most severe he will be suddenly wakened from 
sleep or roused from the twilight state by a “jump”, 
seeming to start in the left precordial region, but 
involving all limbs and trunk and violent enough to 
twist him in bed. At the onset there is an involuntary 
contraction of the respiratory muscles, either in 
inspiration or expiration so that, as he says, sometimes 
the wind is forced out of him, sometimes forced into him. 
With this there is a quite involuntary cry. There is no loss 
of consciousness, and the whole eposide is over almost 
immediately. If he then keeps his eyes open and stays 
awake, so long as he does this he is free, but as soon as he 
closes them and begins to drowse off he has another 
attack. Thus they may continue for three or four times, 
or 60 or 70 times, so that he may not be able to get to 
sleep until three or four in the morning. In the second 
variety of attack the jerking is more circumscribed, 
being confined to the neck and perhaps the shoulder 
muscles. In the third, the spasm involves only the 


respiratory muscles, with consequent inspiratory or 
expiratory snort or gasp. 

He declared himself well in every other way. He had 
resigned himself to his trouble, of which he was somewhat 
ashamed as he had been told it was neurotic, and sought 


the consultation with me while on holiday in this country 
from Australia. Travelling by train or motor coach was 
one of his bugbears as he had to keep a strict watch on 
himself to prevent dozing. On several occasions he had 
dropped off and had an attack which created a public 
disturbance. There was some doubt whether attacks 
occurred during sleep. His wife thought they did because 
after a jerk he would sometimes say, ““ Where am I?”’, 
but the patient himself believed that he was never quite 
asleep when it seized him. There may, therefore, have 
been some disturbance of consciousness. An E.E.G. had 
been done two years before I saw him and was reported 
normal. There were no abnormal physical signs. As a 
result of taking sodium amytal, gr. 6, and “* dexedrine ”, 
10 mg., before going to bed he was improved, having 
occasional nights of complete .freedom from the 
jerks but when he had a bad night it was as bad 
as ever. 

Of considerable interest in this case is the attack 
at the age of 46, taking the form of a sudden collapse 
with angor animi, the type of seizure first described 
by Gowers (1907) as vaso-vagal and believed by 
Wilson (1928) and others, including myself (1950), 
to be an epileptic variant. It is to be noted that this 
attack had been preceded for several years by 
nocturnal jerks, was immediately followed by a 
brief myoclonic status, and thereafter by persistent 


167 


nocturnal myoclonus. The following case is another 
in which there is a history of head injury and this a 
severe one. 


Case 3.—This man, now aged 58 and a postman doing 
his work, first came under my care at hospital 20 years 
ago complaining of uncontrollable movements of the 
limbs at night, and his symptoms have continued with 
little change. 

The family history in this case is perhaps relevant. The 
patient states that a brother at the age of about 21 
suddenly developed what appears to have been a status 
epilepticus, was admitted to hospital, continued to have 
fits and died four or five weeks later, and was found at 
necropsy to have “a clot of blood in his head ”’. 

The patient himself sustained a gun-shot wound of the 
vertex in 1918. There was no loss of consciousness, but 
immediate paralysis of all four limbs. There was 
obviously a compound fracture of the vertex for 
operation was performed with removal of bone, leaving 
a cranial defect which was subsequently closed by means 
of a celluloid plate. At the end of six weeks he had 
recovered power in the arms and at the end of six months 
power in the legs had returned. They never in his own 
opinion became as strong as before, though he was quite 
able to do his work as a postman. Ever since his wound 
he has been liable to headaches, intermittent, worse in 
heavy weather or heat, at times severe like a drilling 
through the vertex with throbbing in the temples. 
Occasionally on bending forwards he had a sensation as 
if the inside of his head were falling forwards “ like 
something in a basin going to spill. If I don’t get up 
quickly I feel that something is going to spill ”’. 

In 1930 his present symptoms began and have not 
altered. About every three weeks he had a bad spell for 
three or four nights in succession. Just as he is going off 
to sleep he has a sudden feeling as if particles all over 
his body are being drawn together by a magnet, leading 
in a flash to a violent jerk of all his limbs, the left more 
severely than the right : he cries out with it involuntarily 
but does not lose his senses. This may be immediately 
repeated. After a short interval there is recurrence, and 
so on for half an hour up to two hours, without any 
dozing in the intervals. He will then get up and take a 
dose of phenobarbitone (1 or 2 grains) and after this 
probably get off to sleep. Sometimes he may be wakened 
in the night by a jerk and when this happens the jerks are 
likely to recur for half an hour, or sometimes for the rest 
of the night. During a bad spell he is also liable to the 
jerks if he relaxes during the day and may be seized when 
sitting back in a comfortable seat in a cinema or theatre. 
During such a period he avoids sitting in an armchair at 
home. He has never had an attack in which he loses his 
senses. 

When this patient first presented himself in 1932 no 
abnormal signs were found except impairment of postural 
sense in the toes, both right and left, and a left extensor 
plantar response. An E.E.G. in 1949 (Dr. Parsonage) 
was normal, and was again reported normal in 1950 
(Dr. Kamal). 
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The story of this man’s gun-shot wound is that of 





of the toes and calves in one or both legs, at first in the 





been disclosed and its form influenced by the 


frequently gets up and walks round the house in order 
to get off to sleep. He has also found that cutting 


an injury of the superior longitudinal sinus with left only—mostly when resting—if he sat down to readg Pe J 
slight residual damage to the brain. The prepon- 00k, or went to the pictures, or in bed. This liability J “ 
derance of the myoclonus in the left limbs, corres- continued, and the twitchings became stronger and had = 
ponding as it does with the left extensor plantar shee nr ge Po nuisance because they prevented sleep, ff He 
response, is surely significant, but whether in this ‘1° COU!4 seldom get to sleep before 2 or 3 a.m., though | or 
S . once he got to sleep the twitching would never wake him. 
case the nocturnal myoclonus is to be attributed jf at work he has a slack half hour and settles down for | pa 
entirely to the brain injury is an open question. 4 doze just as he is going off a twitch will occur. If then [yp 
The significance of the family history is uncertain. he gets up and goes for a walk it will cease. At night he i H 
It may be that an inherited epileptic liability has he 
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injury. Nevertheless the history of a past gun-shot 
wound of the head in Case 1 has to be remembered 
in connexion with the present case in support of the 
view that nocturnal myoclonus may sometimes be 
a late effect of brain injury. 

In the cases so far described the myoclonus has 
generally occurred under particular conditions, at 
the moment of dropping off to sleep or in a state of 
unusual mental and physical relaxation, though in 
the patients subject to myoclonus under these 
conditions it has on some occasions occurred 
during the night either in sleep or while awake. 
In this respect nocturnal myoclonus differs from 
that variety of myoclonic epilepsy in which seizures 
may be provoked by external stimuli, visual, 
auditory, tactile, or proprioceptive. The next case 
provides a link between these two conditions 
and is also of interest on account of the family 
history. 


Case 4.—This man, aged 58, a plasterer, came under 
my care at hospital five years ago with the complaint of 
twitching of the legs. He gave the following account of 
his own complaint in other members of the family, in 
which there was no history of epilepsy. 

His father, who died at the age of 67, used to complain 
of twitching legs, and the patient remembers seeing the 
twitching and recognizing it as the same as his own. 
This symptom he believes his father had had all his life. 
His mother was unaffected and was said to have died of 
old age. The patient gave the following account of his 
siblings. 

Female, 66, affected in exactly the same way as the 
patient. 

Male, 64, slightly affected : enough to complain. 

Female, 60, affected in the same degree as the patient. 

Male, 54, slightly affected. 

Female, 47, he has not seen her for many years and 
does not know whether she is affected or not. 

Female, 40, he has not seen her for some years, but 
knows that she was affected. She has now for several 
years been an invalid, leading a wheel-chair existence. 

His past history included a fracture of the right 
humerus as a child and several operations for renal 
calculus, leading to a nephrectomy at the age of 52. 

At the age of 20 he first noticed involuntary twitching 


a corn on his foot will cause a twitch if it unexpectedly 
hurts. 

On examination he was an intelligent, cooperative man 
with no abnormal physical signs. The following obser- 
vation was made upon the effects of peripheral stimu- 
lation. On scratching the sole there is an immediate, 
brisk, brief contraction of the whole quadriceps. With 
stronger stimulation the contraction is more prolonged, 
but never lasts more than a second. Immediate repetition 
of the stimulus causes repetition of the response. No 
other muscles are involved except for normal plantar 
flexion of the toes as a reflex. With very strong stimula- 
tion contraction occurs in both quadriceps at once. 
This spread occurs more easily from left to right. Spon- 
taneous muscle contraction was also observed at rest in 
bed in a state of sleepy relaxation—brief volleys of 
clonic contraction of the quadriceps, the left more than 
the right, four or five shocks in succession. 


The symptoms in this case are like those in the 
cases already described, differing, however, in the 
much more limited extent of the myoclonus, the 
continuous nature of the liability and the early age 
of onset. The additional feature of reflex myoclonus 
is important, and the family history of the com- 
plaint is that of a dominant inheritance. 

In the next case there can be little doubt of the 
association of nocturnal myoclonus with frank 
epilepsy. 


Case 5.—This man, aged 40, is a crane driver at full 
work and presented himself in June, 1952, complaining 
of “jumps” preventing sleep. There is no family 
history of epilepsy or myoclonus. He is married with 
two children and has had no illness except pneumonia 
at 26 and a fracture of the right ankle at 28. He has 
always been liable to faint easily at the sight of blood or 
other disagreeable spectacle and is apt to feel faint if he 
stands for any length of time. He then sits down with his 
head between his knees and things go black for a minute 
or two, but he remains conscious. Apart from this, 
during the past 20 years he has had occasional, causeless 
attacks of unconsciousness, sometimes when sitting, 
preceded by a brief feeling of giddiness. As a rule he 


recovers his senses in a few minutes, but on two occasions 
there has been amnesia for three-quarters of an hour. 
He has never bitten his tongue or passed urine in an 
attack. 
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Towards the end of 1951 he began to suffer from 
jumps at the moment of going off to sleep. At first these 
were confined to the left leg—a momentary, involuntary 
jerk, after which he would doze off, to be disturbed by 
recurrence at intervals of a minute or two for 10 minutes. 
He then began to get more prolonged attacks, lasting 
one to three hours, keeping him awake, and as time 
passed the jerking on occasions would involve all his 
limbs, the trunk, and head. The face was never affected. 
He also began to have these jumps in the day whenever 
he lay and relaxed, for example, on a Saturday afternoon. 
His wife states that they also occurred in his sleep. He 
was able to stop the jumps by getting up and moving 
about and would often do so at night in the attempt to 
get off to sleep, but in the earlier part of the night 
whenever he returned to bed and relaxed they would 
start again. Several episodes were seen while he was in 
bed in the ward, but none were effectively recorded. 
On one occasion he dozed when I was discussing his 
case, and there was a momentary jerk of the lower limbs, 
enough to disturb the bed clothes. There were no ab- 
normal physical signs. . 

An E.E.G. was recorded by Dr. Pond after drowsiness 
had been induced by 3 grains of “seconal”. It was 
marked by runs of slow activity in the posterior regions, 
some of the waves being rather sharp, but symmetrical. 
The frontal regions remained relatively fast and did not 
show any increased amount of fast activity as should 
have happened from the barbiturate. There were 
several episodes of jerking of the left leg. On one 
occasion this appeared to be associated with a slight 
asymmetry in the central regions, but usually quite 
symmetrical arousal patterns were obtained with a 
burst of fast rhythm that seemed to be the patient’s 
alpha rhythm. No epileptic activity was seen at any time. 
The effects of photic stimulation were normal. Dr. 
Pond’s opinion was that this E.E.G. was in favour of 
some diffuse or basal lesion. 

He was given various barbiturates at bed-time with 
little or no effect. Finally on November 26 two tablets 
of “tridione”’ at bed-time were prescribed. A week 
later he reported better nights than he had had for many 
months. He had only had the jumps on three nights out 
of seven and then not for more than two or three minutes 
and involving a single limb—tright lower, left lower, and 
right upper, on separate occasions. Seen again a month 
later, he reported satisfactory progress, the jumps 
occurring seldom and continuing for no longer than a 
few minutes. The consequent gain in sleep had restored 
him to his feeling of normal health. 


The affinity between this case and the others is 
clear, and there can be little doubt of the occurrence 
in the past of epileptic seizures. The excessive 
liability to fainting cannot be passed over as a 
coincidence for its occasional association with 
epilepsy is undoubted. The response of the nocturnal 
myoclonus to tridione in this case has been striking. 
This drug was tried in Case 3 with little effect, but 
was not given in the other cases. 
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Discussion 

Involuntary, shock-like muscular contractions, 
limited or widespread, without loss of consciousness, 
have been recognized as a common accompaniment 
of idiopathic epilepsy for more than a century. 
Russell Reynolds (1861) in a series of 57 cases 
found that 81% had clonic symptoms of this kind 
between fits, and Muskens (1928) from his observa- 
tions upon more than 2,000 cases endorsed this 
statement, adding that in most cases the shocks had 
been present for many years before the first fit. As 
these’ and other writers have observed, it is in the 
first hour after waking in the morning that the 
epileptic is most liable to these myoclonic jerks, 
and in those whose epilepsy is periodic, the myo- 
clonus is apt to recur at this time for several 
mornings in succession before a longer series of the 
jumps (as they are usually called by the patient) 
leads up to a generalized convulsion with loss of 
consciousness. 

It is also well known that in some epileptics 
myoclonus may be provoked by sensory stimuli, 
especially flicker—photic stimulation. Noise, 
startle, unexpected touch, and passive stretching of 
muscle are among the other effective stimuli. Apart 
from this the initiation of voluntary movement in 
some cases will frequently provoke myoclonus if 
the patient is in a bad phase. Wohlfart and Hook 
(1951) have emphasized this point in a clinical 
analysis of 10 cases of myoclonic epilepsy and 
describe the symptom as action myoclonia. In only 
two of their cases did myoclonus occur when the 
patient was at rest and completely relaxed. It 
appears to be the general rule (Van Bogaert, 
Radermecker, and Titeca, 1950) that the myoclonus 
of epileptics ceases during sleep, but to this rule 
there are exceptions. Pierce Clark (1912) studied 
one such case and found that the myoclonus never 
occurred when the patient was in a state of deep and 
quiet sleep, but whenever he turned over in bed or 
greatly shifted the position of his body the con- 
tractions were sure to occur with great violence and 
woke him. This then was an action myoclonus 
occurring during sleep. 

Less attention has been paid to the occurrence of 
myoclonus in known epileptics at the moment of 
going off to sleep, but Muskens (1928) records a 
case which may be summarized as follows. A man 
aged 28 had suffered from myoclonic shocks 
characterized by extension forward of the arms for 
six years. These shocks came if he lay down, 
particularly if he dropped asleep. He therefore 
avoided the recumbent position as far as possible. 
Soon after the shocks the patient began to have 
fits, from two to eight in a month. Muskens further 
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says, in discussing the fact that myoclonic convul- 
sions of this kind are often not recognized as 
epileptic, that they certainly occur in sleep and 
frequently awake the patient. ‘‘ Very frequently such 
2 convulsion occurs just at the moment of dozing 
off and awakes the patient.’ He records also that 
in his experiments with cats rendered epileptic by 
injections of mono-bromide of camphor he had 
frequently observed the occurrence of myoclonus at 
the moment of falling asleep as well as awakening. 

Hodskins and Yakovlev (1930) observe that some 
epileptics have myoclonus during the hypnogogal 
period preceding sleep and believe that the accom- 
panying alteration of postural tone is the precipi- 
tating cause. Van Bogaert and others (1950) also 
note the facilitation of myoclonus by going to sleep 
in some cases of epilepsy with myoclonus. Other 
forms of epileptic seizure may also occur at this 
particular moment. A woman aged 40 at present 
under my care has had major and minor seizures 
since she was 12. For many years they have occurred 
in spells with intervals of freedom for several weeks. 
The minor attacks take the form of a typical 
dreamy state in which her thoughts become fixed 
upon something she is trying to remember. On the 
very brink of reminiscence she loses her senses for a 
moment. In the major attacks the “ thought ”’ goes 
on to a generalized convulsion. The first intimation 
of a bad spell is that just as she is going off to sleep 
the thought comes and she wakes with a start. 

This may be repeated several times before she 
finally goes to sleep. This recurs on the following 
night, and then she may be wakened from sleep 
once or twice in the night, coming suddenly to her 
senses with the knowledge that the thought has been 
there. Subsequently she has minor attacks in the 
day, leading up to one or more major attacks, 
almost all nocturnal. Following this the sequence is 
reversed. After a day or two she is having the 
thoughts only when dropping off to sleep, and when 
this ceases she knows that she will have another 
interval of freedom. 

In the light of these observations it seems probable 
that the syndrome of nocturnal myoclonus, as 
described in this paper, is an epileptic variant, 
though only one patient, Case 5, had actual epileptic 
attacks. Case 4 differs from the others in many 
respects, yet the reflex myoclonus suggests an 
epileptic character, and though the jerks were 
confined to the legs the conditions under which 
they appeared were the same as in the other cases. 

For any connexion between the cases described in 
this paper and the common nocturnal jerks I can 
find no evidence apart from the impression already 
recorded that a history of excessive nocturnal jerks 
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is sometimes to be obtained from patients with 
idiopathic epilepsy of late onset, but the question of 
a relationship between nocturnal jerks and nocturnal 
myoclonus, and the possibility of a familial incidence 
has clearly occurred to others. Muskens (1928), for 
example, states that cases are met with where in q 
family there exists a greater tendency to myoclonic 
discharges than is quite normal and epilepsy suddenly 
appears. Van Bogaert and others (1950) state: 
** Plenty of people with no clinical or electrical] 
evidence of epilepsy may present myoclonic twitches 
in one or other limb, more especially at the moment 
of going off to sleep. However an E.E.G. has never 
to our knowledge been obtained during these 
twitches.” But, Perlstein, Gibbs, and Gibbs (1947), 
in discussion replying to the question whether the 
type of sudden jerk that is very common in norma! 
persons when falling asleep is associated with any 
abnormality of the electrical sleep record, stated 
that they had studied this in more than 50 normal 
persons and had observed such jerking many times 
without associated E.E.G. abnormality. This 
corresponds with the observation of Dr. Pond in 
Case 5. Pond (1953) suggests that in this case the 
absence of any specific discharges in the E.E.G. at 
the moment of the jerk may be, first, that the 
cortical spike component is very small, so that it 
might be missed without special electrode positions, 
and, second, that the discharge may be entirely at 
some lower centres without a cerebral component. 
Roger and Gastaut (1951) in an interesting discussion 
of the myoclonic threshold in normal man, when 
attacks are induced by the combination of cardiazol 
injection and photic stimulation, consider the 
variable factors and insist upon the importance of 
eye closure in lowering the threshold. This may be 
significant and suggests that it might be of value to 
observe whether the muscular contraction occurs 
at the moment of eye closure in dozing, both in 
nocturnal jerks and nocturnal myoclonus. 


Summary 


Five cases are recorded in which the patient's 
complaint was that of involuntary jerking or twit- 
ching of the limbs or body occurring at the moment 
of falling asleep, during sleep, or in a state of 
mental and physical relaxation during the day. In 
each case the symptoms interfered seriously with 
sleep. 

Evidence is presented from these cases and from 
other sources for supposing that this syndrome of 
nocturnal myoclonus is an epileptic variant which 
may be familial. 

The relationship of nocturnal myoclonus to the 
nocturnal jerks not infrequently experienced by 
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norma! persons at the moment of falling asleep is 
briefly discussed. 
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FAMILIAL HEMIPLEGIC MIGRAINE 


BY 


C. W. M. WHITTY 


From the Department of Neurology, Radcliffe Infirmary, Oxford 


The clinical phenomena of migraine are generally 
explained as due to vasoconstriction in some part of 
the internal carotid vascular system followed by 
vasodilatation in the territory of the external 
carotid vascular system and possibly of the internal 
also. On such a view the aura of migraine is 
supposed to be due to ischaemia and consequent 
dysfunction of part of the cerebral cortex, and the 
headache to tension in the walls of distended 
arteries. The evidence for vasodilatation as the 
cause of the headache is considerable, and ranges 
from such simple observations as its relief by 
pressure on the carotid artery and its branches to its 
reproduction by vasodilator drugs or artificial 
dilatation of vessel walls and its relief by vaso- 
constrictors (Wolff, 1948). The role of preceding 
vasoconstriction is not so well established, although 
the occasional direct observation of retinal artery 
spasm, the prolongation of the aura symptoms by 
vasoconstrictors, or the increase under their influence 
of electroencephalographic changes considered to 
represent cortical ischaemia, as well as the rarely 
observed relief of the aura by vasodilators, are 
arguments in favour. Such a theory does not 
attempt to explain the cause of migraine in the 
sense of what initiates the vascular changes them- 
selves. 

Some of the unusual forms of migraine are 
interesting both for the clinical picture they present 
and as a test of the validity of such a hypothesis as 
the above. Hemiplegic migraine is one such variety. 
Here the common visual aura may proceed to or be 
replaced by a hemiplegia (with aphasia if on the 
dominant side) and a partial hemi-anaesthesia, 
which is followed by a severe hemicranial headache. 
The occurrence “* in some few cases . . . of a transient 
hemiplegia ” was mentioned by Liveing in 1873 in 
his extensive review of migraine, and since then a 
number of cases have been reported. The term has 
at times been rather loosely used to refer to any 
case in which the usual phenomena of migraine are 
associated with hemiplegia, even when not occurring 
as an aura to the attack. Some of these cannot be 
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regarded as simple migraine, but appear to be 
examples of a migrainous syndrome symptomatic 
of an underlying structural pathology. Thus 
Ramsay Hunt (1915) discusses a patient who had 
had migrainous attacks since childhood. At the 
age of 32 she had one of her usual attacks with 
headache and vomiting, but this was accompanied 
by a brief period of loss of consciousness, and 
thereafter left hemiparesis with bilateral extensor 
plantar responses, severe neck stiffness, and papil- 
loedema. At lumbar puncture the fluid contained 
fresh blood on repeated examinations. The picture 
suggested a leak from an angioma. The question 
of whether the preceding attacks of ‘ normal” 
migraine were also linked with such a lesion must 
remain open in this case. However, the occurrence 
of recurrent focal neurological signs associated with 
severe lateralized headaches in known cases of 
cerebral angioma is recognized. Such cases may 
at times cause diagnostic confusion, and it seems 
probable that they gave rise to the suggestion in the 
older literature that subarachnoid haemorrhage 
could occur as part of a simple migraine. The use 
of cerebral angiography has recently helped to 
clarify this point. 

In other cases, though the initial signs and 
symptoms can be adequately explained by simple 
vasoconstriction, the subsequent course of the 
attack may suggest or even prove that a more 
permanent change such as thrombosis has occurred. 
In these cases the neurological signs may follow the 
headache or become aggravated rather than lessen 
as it develops. Oppenheim (1890) gives the case of 
a woman who had had migrainous headaches for 
many years. Four months after childbirth she had 
one of her usual attacks, which was accompanied by 
aphasia. Instead of clearing, a hemiplegia develo- 
ped, and coma and death ensued. At necropsy 
there was extensive thrombosis of the left middle 
cerebral artery. Infeld (1901) describes a patient in 
whom an apparently typical attack was followed by 
hemiplegia and hemi-anaesthesia. These signs 
cleared partially but left a residue of paresthesiae, 
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weakness, and athetotic movements in the affected 
hand. Von Schroeder (quoted by Hunt, 1915) 
mentions a patient who had severe hemicranial 
headaches for some years, and after a typical attack 
suddenly lost consciousness and on coming round 
had a hemiplegia and hemianopia. The paresis 
cleared but the hemianopia remained. Thomas 
(1907) also describes two cases of long-standing 
migraine with only visual aura, in each of which one 
attack was accompanied by hemiparesis, hemi- 
anaesthesia, and hemianopia. In each case all 
signs resolved except the hemianopia. Although 
some of these cases may represent the manifestations 
of a fixed lesion, such as an angioma, the occurrence 
of a permanent neurological deficit without such a 
structural vascular abnormality has been clearly 
demonstrated by Symonds (1952) ina case of 
migraine with visual aura. And the*-findings of 
Oppenheim leave no doubt that thtombosis in 
otherwise normal vessels can at times complicate an 
attack. > 

Apart from these cases, there are others in which 
a dense but completely reversible hemiplegia 
accompanies a migrainous attack. The neurological 
signs may be present for a few hours only or may 
persist for as long as a week, outlasting the headache, 
though they ultimately clear completely. These 
symptoms may alternate with attacks in which the 
migraine presents with some more usual and 
iimited aura or simply as hemicrania and vomiting. 
There is also usually a family history of the com- 
plaint. Between attacks there are no neurological 
signs and health is normal. For all these reasons 
such cases have justifiably been regarded as true 
hemiplegic migraine. 

Jelliffe (1906) described two cases in some detail. 
In one, his second case, the possibility of a structural 
lesion arises, but his first case illustrates the syn- 
drome. The patient had had attacks since child- 
hood. The onset was with visual symptoms which 
proceeded to a right hemiparesis with sensory loss. 
Headache was severe, though described as mainly 
right-sided. All symptoms subsided completely in 
three to four days, and he was able to return to his 
normal routine. In 1910 Clarke published the 
history of a family of which three generations had 
suffered from the complaint. The attacks had a 
striking similarity from case“to case. He gave 
details of six cases, though no less than 11 persons 
amongst 23 siblings were known to be affected. 
In all six the onset was with visual symptoms which 
proceeded to a hemiplegia with some degree of 
hemi-anaesthesia, and was followed in a few hours 
by severe hemicrania and vomiting when the 
neurological signs would begin to abate. In all 
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the attacks detailed the signs were right-sided with 
aphasia, though in two cases attacks on the other 
side were mentioned. The attacks lasted two to 
three days and recovery was complete. They had 
occurred since childhood with a tendency to be less 
frequent as age advanced, his oldest patient being 54 
years at his death from pneumonia. This description 
illustrates two points which are common in hemi- 
plegic migraine ; its strong familial tendency and 
the similarity in the pattern of attack within the 
family tree. Dynes (1939) also described the 
condition in a mother and daughter. Here the 
hemiparesis was either right- or left-sided, and 
again the course of the attack was the same in each 
case : signs would begin in the hand (and speech in 
right-sided attacks), proceed to a hemiparesis with 
some anaesthesia, but visual signs occurred rela- 
tively late. Symonds (1952) has added two further 
cases. In both there was a family history of similar 
attacks. In one, where the family history showed 
three generations affected, the patient had had a 
carotid angiogram done during the height of an 
attack. This had shown no abnormality. The electro- 
encephalogram (E.E.G.) gave evidence of marked 
electrical abnormality throughout the right hemi- 
sphere. (The paresis was on the left.) The cerebro- 
spinal fluid contained three polymorphs per c.mm. 
but was otherwise normal, though late in a previous 
attack there had been 185 polymorphs per c.mm. 
An air encephalogram done shortly after this had 
been normal. The case is of special interest as the 
first record of cerebral angiography done during an 
attack. As Symonds (1952) remarks, the evidence 
of its normality must exclude arterial spasm in any 
but the smallest arteries. Indeed, it is difficult to 
envisage a primary arterial spasm sufficient to cause 
an ischaemia which results in motor and sensory 
loss which may persist for days and yet recover 
completely. In this sense the “‘ cause” of hemi- 
plegic migraine remains a problem. 

Four cases of the condition are briefly reported in 
this paper. Three illustrate the strongly familial 
tendency. In one, the opportunity arose to do 
both angiographic and E.E.G. studies, and the 
results are discussed. A fifth case, in which an 
isolated attack of hemiplegia followed by hemicrania 
occurred, is also described. Although it is doubtful 
whether the case could properly be considered one 
of hemiplegic migraine, it illustrates a possible 
mechanism whereby symptoms are produced, and 
seemed relevant and interesting. 


Case 1 (R.I. 135977).—Familial hemiplegic migraine 
with prolonged confusion afterwards ; pattern of attacks 
always the same with left-sided paresis. 

A woman aged 52 had had “ attacks ”’ since the age of 
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15, always of the same pattern. These were initiated by 
flashing lights in the left half-field, and normal vision in 
this field would be abolished. Soon afterwards numb- 
ness first of the left hand and then of the leg developed. 
She had difficulty with her speech ; would use wrong 
words and “couldn’t think of the words, though she 
knew what she wanted to say’. In about two or three 
hours right-sided headache would develop and gradually 
increase in intensity; at this stage she occasionally 
vomited. The hemiplegia would clear slowly over a 
period of two or three days. As it was clearing she 
would often have visual hallucinations in the hemianopic 
field. She would see something moving and turn to 
find nothing there; occasionally she had formed 
hallucinations of a cat or someone’s hand. She recog- 
nized them as hallucinatory but they worried her. She 
had never lost consciousness during an attack. Fre- 
quency of attack had varied, and she had been free for 
as long as five years. During the last nine years frequency 
had increased, and she would have them every two or 
three months. Two years before she was seen, on the 
assumption that the attacks were epileptic, she had been 
put on toa regime of phenobarbitone, “* epanutin’’, and 
‘**tridione”’. This had not reduced the attacks but had 
changed their character slightly. The initial visual 
phenomena persisted, but these were followed rapidly by 
severe headache, and the numbness and weakness of the 
limbs was much less prominent and of shortened dura- 
tion. However, as this receded she would find that for 
as long as two weeks she was in a curious mental state in 
which she felt muddled and confused, could concentrate 
on nothing, had great difficulty in doing her housework, 
and was noticed by others to be irritable and argumen- 
tative. This would clear slowly, and she would feel, 
and seem to others, her normal self. She was admitted 
to hospital some five weeks after her last attack. 

She was a cheerful, rather obese, woman of poor 
intelligence. She was right-handed for writing and 
sewing, though probably ambidextrous for cooking. 
One brother was considered to be left-handed. Her 
blood pressure was 200/110 mm. Hg, but fundal and 
peripheral vessels appeared healthy and urinary concen- 
tration was within normal limits. Radiographs of the 
skull were normal. An E.E.G. showed an alpha 
rhythm of 9 to i0 c.p.s. reduced on opening the eyes. 
There were paroxysms of high-voltage, 3 c.p.s. waves 
from both temporal areas, more marked on the right 
side and with some isolated spike discharges. Three 
days after admission a right carotid angiogram was done. 
This was normal. Some hours after this procedure she 
was noticed to be drowsy, irritable, and confused. In 
response to questions she appeared dysphasic. She had 
a left homonymous hemianopia, but denied any positive 
visual phenomena in the half field. There was a left 
hemiparesis, more marked in the arm, and anaesthesia to 
pin-prick and light touch. She complained of headache 
for the first time some 24 hours later, though she had 
probably had it for longer. During the next three days 
the signs slowly subsided, though some hemianopia 
persisted for five days. She remained somewhat con- 
fused for a week. The cerebrospinal fluid was examined 
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on the second day of the attack. Pressure was 200 mm,, 
protein 50 mg. per 100 ml., and there were 10 poly. 
morphs per c.mm. The Wassermann reaction was 
negative and the Lange curve 0000000000. = Electro. 
encephalograms were done on the second, fourth, and 
eighth days after the onset of the attack. The first 
showed slow (less than 1 c.p.s.) medium voltage waves 
from the right hemisphere with no alpha rhythm ; on 
the left side some 8 c.p.s. alpha waves were present, but 
this was interrupted by occasional high voltage 2 to 3 
c.p.s. activity with some spikes. The further records 
showed a gradual return to the appearance in that made 
before the attack. 

The family history was of interest. Her father had 
had similar attacks of left-sided paralysis with severe 
headaches throughout his life. In these he had occa- 
sionally lost consciousness and been incontinent. He 
was said to have died in an attack at the age of 61. Her 
elder sister had also had frequent attacks of left hemi- 
plegia with headaches but had never lost consciousness, 
A younger brother had not been affected at the time of 
his death in the 1914-18 war at the age of 25. An elder 
brother is Case 2 below. Of her four daughters aged 
29, 26, 23, and 11, none have so far had attacks’ like hers. 
The second and youngest are entirely healthy, but the 
eldest and third have had “* fainting fits ’’ since childhood, 
sudden loss of consciousness with falling and marked 
pallor, but no involuntary movements or incontinence. 
Electroencephalographic records were obtained from the 
second and third daughters. Both showed an unstable 
alpha rhythm with much 3 to 4 c.p.s. activity and some 
random spiking from the temporal areas. They resembled 
that of their mother between her attacks. This patient 
showed a weak positive blood Wassermann reaction, 
but the test in her brother and all the children was 
negative. 


Case 2 (R.I. 142521).—Familial hemiplegic migraine 
with occasional associated attacks of loss of consciousness ; 
pattern of attacks always similar with left-sided paresis 
but occasional right-sided involvement also. 

A man aged 56, the brother of Case 1, had suffered 
from severe right-sided headaches since the age of 17. 
They occurred only about once a year, and were always 
associated with left-sided paresis. He would first notice 
some numbness and weakness of the left leg, this spread 
to involve the hand, and there was accompanying 
blurred vision, though he did not describe a clear-cut 
hemianopia. Headache then developed and built up 
gradually over some hours. During this time the weak- 
ness of the limbs increased, and very occasionally there 
was some weakness and clumsiness of the right hand also. 
He had noticed no speech difficulties, but felt drowsy 
and muddled and others had remarked on this. The 
headache usually cleared in 24 hours, but the weakness 
persisted for two or three days. On four occasions only 
he had had a sudden “ blackout ” in which he had lost 
consciousness, probably for a few minutes only, but he 
had never been incontinent. On coming round he had 
had the weakness noted above, and a headache soon 
developed. He regarded these as similar to his other 
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attacks. On examination some months after his last 
attack there were no abnormal signs in the central 
nervous system. His blood pressure was 150/80 mm. 
Hg. Radiographs of the skull were normal. The 
blood Wassermann reaction was negative. An electro- 
encephalogram showed an unstable alpha rhythm with 
some bitemporal 6 c.p.s. activity and random spiking. 
Overbreathing caused the temporal waves to slow to 
3 c.p.s., more markedly on the left side. 


Case 3 (R.I. 165615).—Familial hemiplegic migraine 
with other forms of migraine also occurring in the patient 
and family. 

A girl aged 16 had had episodic hemicranial headaches 
either right- or left-sided for three years. She had some 
difficulty in reading just before an attack, but the des- 
cription did not suggest a localized field defect. For 
some hours before she would feel dull and lethargic, and 
would not go to work feeling that an attack was pending. 
These were her usual attacks, but on two occasions in the 
previous eight months, following the vague general 
symptoms, numbness and clumsiness of movement had 
developed in the left hand, spreading to the face and 
then to the leg. She could not walk properly or pick 
things up with that hand, and speech was slurred though 
not dysphasic. Right-sided headache developed in 
about half an hour, but the left-sided signs persisted for 
some hours. By the following morning she would be 
completely recovered. When examined some 10 days 
after her last attack there were no abnormal signs in the 
nervous system. A radiograph of the skull was normal. 
The E.E.G. record was abnormal. It showed diffuse 
2, 4, and 6 c.p.s. waves in both hemispheres with occa- 
sional spike discharges. The abnormality was increased 
by overbreathing, but did not become paroxysmal. 
There were no localized abnormalities. Her mother, to 
whom she bore a striking physical resemblance, had had 
similar attacks for many years. 





Case 4 (R.I. 133116).—Hemiplegic migraine with other 
forms of migraine also occurring in the patient, and a 
family history of the latter. 

A woman university student aged 19 had suffered 
from migraine since the age of 12. Her usual attacks 
were initiated by a general blurring of vision. Things 
appeared to be rippling as if seen through water. Head- 
ache, usually left- but sometimes right-sided, would 
follow in about half an hour and would increase in 
severity and lead to vomiting. Sometimes, though 
rarely, after the visual symptoms, paresthesiae in the 
right hand and aphasia would develop ; weakness of 
the arm and leg would follow. These symptoms would 
persist after the onset of headache, but gradually de- 
creased during the next few hours. On one occasion 
some weakness and numbness of the hand had persisted 
for six days. When seen at this time there was a signi- 
ficant reduction in tendon jerks in the right arm, some 
change in the appreciation of light touch and pin-prick 
in the hand, but no actual sensory loss. The condition 
cleared completely in the next few days. Radiographs of 
the skull were normal. The E.E.G. record showed 
some 4 and 5 c.p.s. activity in both temporal regions. 
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This was increased by overbreathing, but did not become 
paroxysmal. Her father had migraine, but with a 
visual aura only. 

This patient, an intelligent and reliable observer, had 
taken ergotamine tartrate for a time with considerable 
relief of the headaches, but had abandoned it in favour 
of aspirin and codeine because she considered that 
ergotamine prolonged the aura. 


Case 5 (S. M. S/1532).—A clincal syndrome of hemi- 
plegic migraine associated with an allergic reaction to 
fish : no family history. 

A man aged 34 eight days before he was seen had 
eaten some fish which disagreed with him. During the 
following day he had nausea and diarrhoea. The 
following morning, 36 hours after, he developed a very 
irritating urticaria over the chest and arms, but he 
proceeded to work as usual. Shortly after starting out 
he felt sick and vomited once or twice. He had a slight 
generalized headache, and then noticed that he could 
not see clearly to the right. The right arm felt numb and 
tingling, the leg was also affected, and on attempting 
to walk he fell down. His speech became thick and he 
could not say what he wanted to. There was no loss or 
‘clouding of consciousness, and he was fully aware that 
his mates helped him to an ambulance and that he was 
taken to hospital. He noticed at this time a gradually 
increasing, throbbing, left-sided headache. This largely 
cleared in the next two days but the hemiparesis persisted 
for four to five days, clearing slowly. When first examined 
in hospital a right hemiparesis including the face, with 
increased reflexes and extensor plantar response, was 
noted. There was diminished sensation to pin-prick and 
light touch, and a slight dysphasia. The cerebrospinal 
fluid was of normal pressure with 30 mg. protein per 
100 ml. and 1 lymphocyte per c.mm. Seven days later 
there was some increase of reflexes on the right side but 
no other abnormality. ‘When examined three weeks 
after the attack the nervous system was entirely normal. 
At this time radiographs of the skull were normal. The 
E.E.G. record showed a stable 8 c.p.s. alpha rhythm. 
There were a few sharp waves from both occipital regions 
which were increased but did not become paroxysmal 
on overbreathing. The record was almost within normal 
limits. 

Previous history revealed a severe urticarial reaction 
following an A.T.S. inoculation eight months earlier, 
and frequent attacks of asthma and bronchitis as a child. 
He had occasional retro-orbital throbbing headaches, 
sometimes severe, but never sufficient to keep him from 
work. There was no family history of migraine or unusual 
allergic manifestations 


Discussion 


A survey of the cases reported here and those in 
the literature suggests that they fall into two rather 
dissimilar groups. In one the course of events is 
more like that of the more usual forms of migraine, 
an aura phase in which the hemiplegia appears 
and is followed shortly by headache, when the 
paresis slowly subsides. Attacks may be either 
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right- or left-sided, and migraine with a more limited 
aura may also occur in the same patient. The 
family history usually reveals other cases of migraine, 
but they may not be always of the hemiplegic 
variety. In the other group the attacks are more 
stereotyped. Often they occur constantly on one 
side, and other varieties of attack in a given case 
are unusual. The signs of the aura are prolonged, 
sometimes for days, and may persist or increase 
after the onset of headache. The cerebral distur- 
bance is more widespread ; confusion, drowsiness, 
and even coma may be noted; sometimes motor 
signs may for a while be bilateral. The family 
history is very striking. Not only are many indivi- 
duals in several generations affected, but the 
detailed pattern of attack is unusually constant from 
case to case. It is for this group particularly that 
the term familial hemiplegic migraine seems appro- 
priate. The syndrome is well illustrated in Clarke’s 
patients, and in the first, second, and possibly third 
patients of this series. 


The first two cases and their families raise points’ 


of special interest. They provide evidence both 
clinical and electroencephalographic of a hereditary 
** cerebral dysrhythmia ” which may show itself as 
attacks of loss of consciousness. There is also 
evidence of a hereditary factor responsible for a 
remarkably stereotyped pattern of migraine. It 
would be tempting to associate the two and suggest 
that the vascular spasm element of the migraine also 
precipitates an attack of loss of consciousness. 
This, however, is clearly not so. For in Case 2 
and his father the two types of attack are associated 
in the same individual, while in Case 1 and her 
sister only migrainous attacks occurred, and in two 
of her children only loss of consciousness. Further, 
in one child a “ familial ” electroencephalographic 
abnormality was shown, though neither type of 
attack had as yet occurred. The two tendencies 
seem to be quite separate here, and capable of 
independent inheritance, even if some more intimate 
link between epilepsy and migraine in general is 
indicated by other cases. 

Case 1 also provides some suggestive evidence in 
favour of arterial spasm as responsible for the 
onset of her attacks. Angiography is known at 
times to cause arterial spasm in the territory of the 
injected vessel, especially if hypertension be present, 
and angiography in this case clearly ‘precipitated an 
attack. Why the spasm should start, as the clinical 
onset of visual symptoms suggests it so frequently 
does, in the posterior cerebral circulation, remains a 
problem. It has been shown by Moore and Stern 
(1938) that the anatomical course of the posterior 
cerebral artery allows it to be readily compressed 
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against the edge of the tentorium. But this requires 
some rise in supratentorial pressure to bring it 
about, of which there is no clear evidence in the 
cases under discussion. Such an anatomical factor, 
though possible, must therefore remain hypothetical, 
Indeed, it is difficult to see how simple spasm could 
be responsible for signs which persisted for five days 
and then disappeared. That relative ischaemia 
can cause loss of neuronal function short of cell 
necrosis is accepted, but if the vascular spasm 
responsible for this is brief, then recovery should be 
more rapid. If it lasts for days, then permanent 
damage should result. The explanation put forward 
by Symonds (1952) for such a prolongation of 
signs is that small thromboses may occur in the 
terminal arterioles during the spastic phase, and in 
support of this he cites the polymorph pleocytosis 
in the cerebrospinal fluid of one of his cases. But 
such a hypothesis also requires that some permanent 
damage should occur. Some slight reduction in 
the cerebral cell population must result on each 
occasion. He recognizes this difficulty, and suggests 
that the gradual mental deterioration recorded in 
one such case does, in fact, represent this permanent 
deficit. However, if the recurrent signs are always 
hemiplegic and on the same side, it seems sur- 
prising that some slight permanent _lateralized 
disability does not result. In one of Clarke’s cases 
and in two of those described here attacks had 
been occurring mainly on one side for decades, but 
no neurological sequelae could be found. It is 
possible that after arterial spasm there is some 
consequent oedema in the area supplied when blood 
flow is restored just as in a limb temporarily deprived 
of its arterial blood. This could account for a 
prolongation of signs, and would suggest a mecha- 
nism similar to that envisaged in ‘ angioneurotic 
oedema’ of the brain. Such a process would 
explain the more widespread disturbances some- 
times noted, and would lead to less permanent 
damage than recurrent small thromboses. 

Some such mechanism is probably illustrated in 
Case 5. He would hardly qualify as one of hemi- 
plegic migraine, though the symptoms are strikingly 
similar. In him, their mechanism of production 
was presumably ‘allergic’. A condition of 
oedema similar to the urticaria of the skin may be 
supposed to have occurred also in parts of the left 
cerebral hemisphere. Such a “ cause ” for migraine 


has frequently been postulated. Osler (quoted by 
Russell, 1909) cites the case of a boy aged 12 who 
had occasional attacks of right hemiplegia with 
aphasia lasting for some days but showing complete 
recovery. The attacks diminished in severity and 
at the age of 26 he developed severe migraine, and 








bhi, 


ore 





ne Ae ei MOND wie REA OA MR AEE: lb 





attra 


NIN EON 





SM NEAL NASTY 








ee ae eS Le lO oe lel lU 


ires 
git 
the 
tor, 
Cal, 
uld 
lays 
mia 
Cell 
ism 
| be 
ent 
ard 

of 
the 
1 in 
Osis 
But 
ent 

in 
ach 
ests 


ent 
ays 
ur- 
zed 
Ses 
vad 
but 


me 
od 
ved 


ha- 
Itic 
uld 
ne- 
ent 


nl- 


gly 
on 


eft 
ne 


ho 
ith 
ete 
nd 
nd 








2p cael 





* 


am 


at 28 started to have attacks of urticaria and 
angioneurotic oedema. Osler suggested that the 
earlier hemiplegic attacks and the migraine were 
caused by “ angioneurotic oedema of the brain” 

Foster Kennedy (1926, 1936) assembled a number 
of cases of episodic focal neurological abnormalities 
in which the evidence for an allergic precipitation 
seemed convincing. In some, for instance, elimi- 
nating certain articles of diet, for which positive 
skin sensitivity tests had been obtained, completely 
abolished the attacks. Amongst them were cases 
which presented as migraine with a focal aura, and 
at least one which could be regarded as a typical 
hemiplegic migraine. That increased intracranial 
tension can accompany such supposedly allergic and 
reversible neurological lesions seems clear from the 
observation of a case where an urticarial reaction to 
injected serum was accompanied by headaches, 
neck stiffness, papilloedema, hemiparesis, and 
increased C.S.F.. pressure. As the urticaria sub- 
sided, so the neurological picture cleared (Foster 
Kennedy, 1929). However, that such increase is 
due to local or general brain swelling, rather than to 
extracerebral vascular factors, remains an assump- 
tion. It seems unlikely that all cases are of this 
type. Nevertheless it may be the explanation in 
some. If so, then evidence of raised intracranial 
pressure might be expected. This was apparently 
not so in cases 1 and 5 of this series, where cerebro- 
spinal fluid pressure was measured during an 
attack, nor in Symonds’ second case. It is possible 
that brain swelling may occur at the expense of the 
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volume of the cerebrospinal fluid so that the general 
rise in intracranial pressure may be slight. However, 
a more likely explanation is that oedema, if present, 
is localized. In that case it is the strategic siting of 
the oedema which produces the signs of cerebral 
dysfunction, and total intracranial volume may be 
little if at all increased. The phrase “ hives of the 
brain ”, attributed to Osler, may be an apt descrip- 
tion of the intracranial state. In many ways the 
conception of a reversible focal oedema of the 
brain seems to fit better than simple ischaemia from 
vascular spasm, with a clinical picture in which 
neurological dysfunction of fairly rapid onset may 
persist for days, and yet finally resolve completely. 


I am grateful to Sir Charles Symonds for some helpful 
comments on this paper. My thanks are also due to 
Dr. J. D. Kidd and Dr. M. S. Good for the opportunity 
of seeing two of these cases. 
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APPENDIX 


Since this paper was written, a further case (R. I. 
167618) of the familial type has been seen in a man of 
39. The hemiplegia was always right-sided. A left 
carotid angiogram, which was normal, again appeared 
to precipitate a typical attack which followed about one 
hour after the procedure. This hemiparesis was marked 
for 48 hours and cleared gradually in the next 24 hours. 
About 20 hours after its onset electroencephalograms, 
lumbar puncture, and air-encephalograms were done. 
The E.E.G. record, which had previously shown a stable 
alpha rhythm, blocked on opening the eyes, now showed 
almost complete disappearance of alpha. There were 
also short runs of 5 to 6 c.p.s. waves in the temporal and 
frontal leads, more on the left than on the right, increased 
on overbreathing. The cerebrospinal fluid, previously 


showing 4 lymphocytes per c.mm. and a protein of 45 mg. 
per 100 ml. with a pressure of 140, now had 84 poly- 
morphs and 40 lymphocytes per c.mm. with a protein of 
35 mg. per 100 ml. Pressure was not measured as the 
patient was in the sitting position, but rate of flow did not 
suggest any marked rise. Air pictures showed no 
localized distortion or displacement of the ventricular 
system. The left lateral ventricle was slightly larger than 
the right, but this was within the range of physiological 
asymmetry occasionally seen. This finding seems to 
exclude any degree of generalized left hemisphere 
oedema, though it is not incompatible with focal. 
Indeed, the cerebrospinal fluid changes, similar to those 
observed by Symonds (1952), must reflect some change 
of an exudative nature in the cortex. 








J. Neurol. Neurosurg. Psychiat., 1953, 16, 178. 


PERIODIC PARALYSIS 
BY 
EDWIN R. BICKERSTAFF 


From the Department of Neurology, United Birmingham Hospitals 


Though a comparatively rare disease, periodic 
paralysis, familial or sporadic, has been reported at 
intervals since the middle of the last century, so that 
in 1941 Talbott was able to record over 400 cases 
from the world literature, while there is little doubt 
that many more have been seen but never published. 

Two families are reported in this paper. In the 
first the disease has appeared in six members of 
three generations ; in the second, one member only 
is known to have been affected, but the high inci- 
dence of other morbid conditions makes the family 
history of interest. The study emphasizes the 
remarkable similarity of symptomatology in the 
different individuals, the good prognosis which may 
be possible, the permanent changes which may 
occur, and the dangers of injustice due to mistaken 
diagnosis. The first family includes one of the three 
patients studied by Aitken, Allott, Castleden, and 
Walker (1937) and Allott and McArdle (1938) when 
they demonstrated the close relationship between 
the serum potassium level and muscle paresis. 

Cases of periodic paralysis have previously been 
reported in this country by Singer and Goodbody 
(1901), Buzzard (1901)—the first familial cases— 
Gardner (1913), Adie (1927), MacLachlan (1932), 
Aitken and others (1937), Allott and McArdle 
(1938), Holmes (1941), and Lewis (1950), while 
Talbott (1941) believes that the earliest account of 
the disease is given by William Musgrave in 1687. 


The ““H” Family 

The pedigree of the family is shown in Fig. 1. 
Generation I 

I.1.—Male, died aged 52. 
Generation II 

II.1.—Female, died aged 73. 

II.2.—Male, died aged 63 of pneumonia. Had three 
attacks of leg weakness early in the third decade. 

I1.3.—Male, died aged 67. II.4.—Female, died aged 59. 

II.5.—Male, alive and well, aged 73. At age 15 he 
developed frequent attacks of total paralysis of the 


I.2.—Female, died aged 89. 
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limbs, mainly in the early hours of the morning, lasting 
from two to 30 hours, and recovering spontaneously, 
Attacks became less frequent in his late 20s, and ceased 
entirely after the age of 32. Twice during hospital 
admissions the patient was considered{hysterical. 


I1.6.—Male, alive and well aged 68. 
II.7.—Male, died aged 52. 


Generation III (Offspring of 1.2) 

IlI.1.—Male, alive and well, aged 51. Attacks of 
total paralysis of the limbs began when the subject was 
aged 15, occurring very frequently and often lasting over 
24 hours. They were usually precipitated by alarm, 
emotion, or exposure to extreme cold, the weakness 
developing in the early hours of the next morning. One 
attack, involving the legs, was of exceedingly rapid 
onset, and came on while he was wading in very cold 
water. The frequency decreased after the age of 25 and 
the attacks ceased entirely after 41. 

The patient was examined twice when aged 51. The 
facial muscles bilaterally were weak, and the quadriceps 
was slightly wasted. The arm reflexes on the first occasion 
were normal, but knee and ankle jerks were completely 
absent. One week later the arm reflexes were barely 
perceptible and knee and ankle jerks were obtained on 
reinforcement. Blood chemistry and an E.C.G. were 
normal. 
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Fic. 1.—Genealogical table for the “ H ” family. 
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These attacks had been variously diagnosed as 
“epilepsy”, “hysteria”, and “familial hysterical 
trances *. 

[I1.2.—Male, alive and well, aged 50. 

[11.3.—Female, alive, aged 48. Subject to severe 
migraine. 

111.4.—Male, alive and well, aged 47. He had had six 
attacks of weakness of the limbs, one incapacitating, 
between the ages of 17 and 37. The attacks were precipi- 
tated by excitement, they occurred in the early morning, 
but the patient was usually able to “‘ walk them off”. 

He was examined aged 47. Slight weakness of the 
facial musculature and marked facial asymmetry were 
noted. All tendon reflexes were very sluggish. Blood 
chemistry was normal. 

111.5.—Female, died of tuberculosis, aged 15. 

[11.6.—Maale, alive and well, aged 41 (Case 2 of Allott 
and McArdle, 1938). 

Attacks of total paralysis of the limbs began when the 
patient was aged 13, increased in frequency to age 24, 
usually developing in the early morning and lasting from 
two to 24 hours. A heavy meal at night, emotion, and 
excitement were the main precipitating factors especially 
if accompanied by exertion. He was able to “* walk off” 
mild attacks. He was given potassium salts from the 
age of 28 and attacks ceased entirely after dge 34. 

Examination between attacks was recorded by Allott 
and McArdle as normal. Paralysis was induced by 
insulin and glucose, and by adrenaline, during which 
the serum potassium level fell to below 6 mg. per 100 ml. 
Potassium chloride, 10-12 g., at the onset would prevent 
an attack developing. 


Generation IV 


IV.1.—Male, aged 19, the son of III.1, was admitted 
to the Queen Elizabeth Hospital, Birmingham, on 
April 13, 1951 (Case No. 3945150332). 

He was subject to migraine, but otherwise was well 
until the age of 16 when following unusual exertion he 
developed weakness of the legs spreading upwards until 
he was unable to move any part of the body below the 
neck. Recovery was spontaneous after several hours. 
Attacks had recurred many times since, varying in 
duration from three to 24 hours, and in severity from 
weakness of the ankles to total paralysis below the neck. 
The muscles feel tight and swollen during paralysis. 
Physical exertion and high carbohydrate meals are the 
main precipitating factors, the paralysis developing in 
the early hours of the morning. The patient can “ walk 
off” mild Macks. In one attack in Sweden the serum 
potassium level was recorded as 7 mg. per 100 ml., and 
the E.C.G. showed absent T waves. 

A general and neurological examination on admission 
gave entirely normal findings, except for a small, unsus- 
pected, and unexplained spontaneous pneumothorax. 
Extensive blood and cerebrospinal fluid, cytological, 
biochemical, and serological examinations were normal. 
A glucose tolerance test and an E.C.G. were normal. 

Paralysis was induéed by the administration of 300 g. 
o! glucose in a pint of water orally. Six hours later the 
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patient woke completely paralysed below the neck, 
excepting the respiratory muscles and the gastrocnemii, 
which were normal. The disorder was entirely motor, 
and all tendon reflexes except the ankle jerks were 
absent. Though the limbs were quite flaccid, the muscles 
had a firmness to touch quite different from that in a 
denervated limb. The limb circumference was 1-14 cm. 
greater than earlier measurements. Power returned 
gradually, in six hours being 50% normal, and in 12 
hours entirely normal, all reflexes having returned. 

Fig. 2 shows serum potassium readings both before 
and during paralysis together with a diagrammatic 
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Fic. 2.—Serum potassium levels in Case H.IV.1 before, during, and 
after an induced attack of paralysis. Block diagrams represent 
degree of paralysis, the shaded area indicating proportional loss 
of muscle strength. 12 N = noon; 12 M = midnight. 


noted that a lower figure was obtained during recovery 
than at the height of the paralysis. An E.C.G. at the 
stage of 50% paralysis showed lower T waves than on 
the previous day, and a U wave in lead II. Potassium 
output in the urine during the day of paralysis was 2-12 g. 
per litre compared with 2-64 g. the previous day. 

On one further occasion marked weakness of the 
anterior tibial muscles developed three hours after the 
ingestion of 200 g. of glucose, but the serum potassium 
level was unchanged. 

On 9 to 12 g. of potassium acetate per day he has 
remained well since discharge except for one severe attack 
following omission of treatment on an evening devoted 
to dancing. ra 

Re-examination on several occasions has shown very 
slight permanent weakness of the right anterior tibials 
but the knee and ankle jerks have become increasingly 
difficult to obtain, and at the end of 1951, despite six 
months’ freedom from attacks of paralysis, were absent 
altogether. ' 

IV.2.—Male, aged 26. Son of I1I.2. Normal. 

IV.3. and IV.4.—Male, aged 20, and female aged 16. 
Offspring of 111.4. Both had the same facial asymmetry 
as III.4, both were free from attacks, and the blood 
chemistry was normal. IV.4 subject to migraine. 

IV.5.—Male, aged 18. Son of II1.6. Normal. 
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Generation V 


V.1.—Infant daughter of IV.2. Normal. 

With the aid of Dr. J. N. Hawthorne, two-dimensional 
partition chromatography was performed on the urines 
of H.IV.1, both before and during an attack of paralysis, 
and on H.IIL1, H.1L4, H.IV.3, and H.IV.4. The 
amino-acid pattern was normal in all, and the spots 
were of normal intensity, though cysteic acid was rather 
unusually prominent in each. 


The “F” Family 
The pedigree is shown in Fig. 3. 








Male Dead Died in infancy of 
O 4) @ unknown causes a 
O Female @ Dead [Stillborn abnormal paralysis 


twin foetus 


Fic. 3.—Genealogical table for the “‘ F ” family. 


In generations I and II there were 20 members, none 
being subject to periodic paralysis: II.4, 11.12, and I1.13 
died in infancy of unknown causes ; i1.9 was a stillborn 
twin, an abnormal foetus ; II.11 died aged 21 from a 
cerebral abscess, and II.14 aged 29 from jaundice ; IL.10, 
the father of III.1, suffered in youth from migraine. 


Generation III (Offspring of I1.7 and 11.10) 

Ill.1.—A man, aged 30, was admitted to the Queen 
Elizabeth Hospital on November 23, 1951 (Case No. 
2931211121). 

The patient was one of a twin pregnancy, the other 
being an abnormal foetus. He was well until July, 1949, 
when he developed mild weakness of the legs in the 
early morning following unusual exertion. Two weeks 
later he had an attack in which the legs and trunk were 
completely paralysed and the arms weakened. He 
recovered spontaneously in 12 hours. Several similar 
episodes in the next six weeks were interspersed with 
milder attacks which he was able to “ walk off”. He 
was twice examined elsewhere during attacks and 
found to have very weak tendon reflexes, but all investi- 
gations, including measurement of the serum potassium, 
were normal, and he was thought to be hysterical. He 
was well from January, 1950, to October, 1951, when he 
had a severe attack following a rich supper. 

Examination on admission showed no abnormality in 
any system, and extensive blood and cerebrospinal fluid, 
cytological, biochemical, and serological examinations 
were normal, except for a serum cholesterol level of 96 
mg. per 100 ml. An E.C.G. was normal. 

Paralysis of the legs to about 50% of normal developed 
six hours after the oral administration of 300 g. of 
glucose in a pint of water, and all tendon reflexes except 
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the ankle jerks were greatly reduced. Recovery occurred 
gradually over the next 12 hours. Serum potassium 
readings are recorded in Fig. 4. It will be noted thai the 
level remained low even.when power returned to normal, 
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Fic. 4.—Serum potassium levels before, during, and after an induced 
attack of paralysis in Case F.III.1. Block diagrams represent 
degree of paralysis, the shaded areas indicating proportional 
loss of muscle strength. 12 N = noon; 12 M = midnight. 


Attempts to re-precipitate paralysis by giving insulin and 
glucose were unsuccessful. E.C.Gs. showed slight 
depression of the T waves during paralysis 

On another occasion, after careful examination, the 
patient’s right hand and wrist were immersed in water 
at 14°C. for 45 minutes. At 15 minutes the interossei 
were weak ; at 30 minutes there was marked weakness 
of the interossei and lumbricals and the opponens 
pollicis was practically paralysed ; at 45 minutes there 
was also weakness of dorsiflexion of the wrist. Tendon 
reflexes were unchanged. Twenty minutes after removal 
from the bath, when the hand had been at a normal 
temperature for over 15 minutes, there had been practi- 
cally no return of power. The serum potassium level was 
unchanged throughout. 

The patient was unable to remain for further investi- 
gation and was discharged to take potassium acetate 
prophylactically. 

I11.2.—Still-born twin ; abnormal foetus. 

I11.3.—Male. Alive and well, aged 28. He had 
diphtheritic polyneuritis aged 6, and an isolated, severe 
attack of typical migraine at the age of 13. He was 
normal on examination except for a left-sided Holmes- 
Adie pupil. ‘ 

IlI.4.—Female, died aged 6 months he was a 
healthy child, found dead one morning, and fot asphyx- 
iated. Death was unexplained, despite a necropsy. 


Comment 


In the ““H” family, the condition, once it 
appeared, seems to have been transmitted as a 
simple dominant. Though F.III.1 may be a sporadic 
example, there was so high a degree of unexplained 
infant mortality in his family that it is possible that 
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other members might have become affected had 
they lived to adult life. All affected members in 
both families were males. 


Course and Prognosis.—The age of onset in the 
“HH” family was between 13 and 17, attacks 
increased until the age of 25 then decreased spon- 
taneously, and stopped entirely in the fourth 
decade. One affected member only is dead, and 
he died of other causes, 40 years after his last 
attack, while H.1I.5 has been well for 41 years. 
Talbott (1941) showed this good prognosis in the 
majority of cases and at least one of Buzzard’s 
cases of 1901 was known to be well 47 years later 
(G.D.H., 1948). Talbott (1941) found, however, 
more than 35 examples of death in an attack, and 
Holtzapple (1905) records this six times in one 
family, respiratory obstruction being a frequent 
cause. 

Permanent changes may also occur in the muscles. 
These were of mild degree in the ““H” family, 
consisting of slight wasting of thigh muscles, 
weakness of facial muscles, and absent reflexes. 
In 1891 Oppenheim described wasting of thighs and 
buttocks, absent reflexes, and pseudohypertrophy 
of calves, the last feature also being reported by 
Tyler, Stephens, Gunn, and Perkoff (1951). Holtz- 
apple (1905) and MacLachlan (1932) mention 
permanent weakness and areflexia, and Biemond 
and Daniels (1934) had one child who developed 
wasted shoulder girdles, another permanent paralysis 
of the legs, and the eldest child, when his attacks 
stopped at age 38, had wasted legs and absent 
reflexes, the wasting later progressing to involve 
the rest of the body, leaving him bedridden. There 
was no muscle fibrillation. Oliver, Ziegler, and 
McQuarrie (1944) found one child permanently 
paralysed, but it is not necessarily the patients 
most severely affected who develop the permanent 
changes 


The Paralysis.—Predisposing factors in both 
families were exertion, emotion, high carbohydrate 
intake, and exposure to severe cold. As is usual, 
paralysis did not occur until four to six hours after 
the exciting cause, excepting a very rapid onset 
during exposure to cold. The ability to walk off 
mild attacks was prominent. The paralysis usually 
spread proximally. from the legs, did not extend 
above the neck, and might leave groups of muscles 
entirely unaffected. 

During total paralysis the muscles in H.IV.1 
were strikingly firm, a feature stressed by Mac- 
Lachlan (1932) and: Zabriskie and Frantz (1932) 
while there was an increase in limb circumference, 
a fact found frequently by Talbott (1941) and 


notably by Neel (1928) who reported 8 cm. en- 
largement. The tendon reflexes in all paralysed 
muscles were abolished, the superficial reflexes 
preserved. 


Electrocardiography.—The changes in our patients 
during paralysis were slight, consisting of lowering 
of the T waves and the appearance of a U wave. 
Stewart, Smith, and Milhorat (1940), Perelson and 
Cosby (1949) and McAllen (1951) have classified 
the E.C.G. changes as prolongation of the PR 
interval, QRS complex and Q-T interval, depression 
of the T waves, and appearance of a U wave, and 
have stressed the variability in different patients. 


Biochemical Changes.—The widely recognized 
lowering of the serum potassium level was present 
in three of our patients investigated during severe 
attacks, and was the only significant biochemical 
change discovered. In milder, but still definite, 
attacks of paralysis there was no significant change 
in the serum potassium. Pudenz, McIntosh, and 
McEachern (1938), Watson (1946), and Ziegler 
(1949) report attacks of paralysis with no lowering 
of serum potassium levels, and four cases of 
Tyler and others (1951) had major attacks 
without such changes. In H.IV.1 and a patient of 
Gammon, Austin, Blithe, and Reid (1939) the 
serum potassium level was lower during recovery than 
at the height of the paralysis. Conversely, Allott 
and McArdle (1938) point out that reductions of 
serum potassium to 7-6 mg. per 100 ml. may occur 
in patients not suffering from periodic paralysis 
without loss of muscle power. 


Association with Migraine—Three members of 
the “‘H” family and two of the “F” family 
suffered from migraine. Association of the two 
conditions was considered important by Holtzapple 
(1905), Gardner (1913), and MacLachlan (1932). 


Errors of Diagnosis.—The commonest error is to 
consider the attacks of paralysis hysterical, as 
occurred in three of our patients and to many 
cases from the literature, sometimes with tragic 
results. H.III.1 was called an epileptic. Attacks 
occurring during a poliomyelitis epidemic may 
cause confusion of diagnosis, and the permanent 
muscle and reflex changes may, in later life, give rise 
to diagnoses such as muscular dystrophy, motor . 
neuron disease, or tabes (Biemond and Daniels, 
1934). 

Discussion 


The biochemical basis for this disease is still 
unknown. The serum potassium is usually, but not 
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invariably, low during an attack. Theories as to 
the causation of this fall have been discussed in 
detail by Talbott (1941) and by Gass, Cherkasky, 
and Savitsky (1948), and though it is known that 
potassium does not move into the red cells, nor is 
lost from the body in the urine, yet does move 
from the extracellular to the intracellular phase 
(Danowski, Elkinton, Burrows, and Winkler, 1948), 
its site of transfer remains uncertain, the muscles 
or the liver being the most likely. The production 
of paralysis by water diuresis (Gammon and others, 
1939) and, in Addison’s disease, by excessive 
administration of D.O.C.A., both measures causing 
generalized depletion of body potassium, and the 
E.C.G. changes in periodic paralysis, being those of 
potassium depletion of heart muscle, make accumu- 
lation of potassium in the muscles unlikely. The 
knowledge that potassium is required in the process 
of liver glycogenesis and glycogenolysis, the asso- 
ciation of attacks with heavy carbohydrate intake, 
involving the former, and administration of adrena- 
line, involving the latter, favour a “* hepatic drain ”’ 
on serum potassium. These theories do not explain 
the mechanism of development of the paralysis, 
nor the numerous reports of paralysis with a 
normal or even very high serum potassium level 
(Finch and Marchand, 1943). 

Could it be that the fundamental abnormality 
lies primarily in the muscle, rather than in the 
chemical constituents of the blood? That there is 
during paralysis a defect in the muscle itself rather 
than in the nerve supply seems apparent from 
numerous reports (e.g., Pudenz and others, 1938 ; 
Zabriskie and Frantz, 1932 ; Talbott, 1941) showing 
absence of response to electrical stimulation applied 
direct to the muscle. During paralysis the muscles 
have a firmness to the touch quite different from 
that associated with the flaccidity of denervation, 
and measurements have shown increase in the bulk 
of the limb. Most reports of muscle biopsy during 
paralysis refer to vacuoles and unidentified droplets 
and granules (Talbott, 1941) and these were stressed 
in the careful studies of Tyler and others (1951). 

It is possible also to produce localized muscle 
paralysis by exposing local muscle groups to low 
temperatures, and the paralysis develops actually 
during the exposure to cold and not some hours 
later as in other methods of inducing an attack. 
Zabriskie and Frantz (1932) produced rapid 
paralysis of their patient’s forearm by immersing it 
in water at 10-14° C., the paralysis being limited to 
the muscles immersed which became inexcitable to 
electrical stimuli. Neel (1928) demonstrated the 
same phenomenon. Our patient, H.III.1, had an 
attack of leg paralysis of very rapid onset while 
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wading in very cold water, and mild paralysis was - 


experimentally produced in the muscles immersed 
of F.III.1. 

The extensive work of Szent-Gy6rgyi (1948) may 
have some bearing in this respect. He and his 
colleagues suggest that muscle contractility depends 
upon the combination of two substances, actin and 
myosin, to form the protein actomyosin, which, in 
association with adenosine triphosphate is capable 
of physical contraction. If dissociation of these 
substances occurs the muscle not only ceases to 
contract but becomes incapable of contraction. 
Experimentally changes in ionic context of the 
surrounding media above or below certain limits 
and exposure to cold are factors which bring about 
this dissociation. Actin changes from fibrous 
strands to globules, there is increased water content, 
and muscle fibres containing the dissociated sub- 


stances become stiff and rigid instead of supple and 


elastic. In attacks of periodic paralysis the muscles 
are not flabby, but firm ; they may increase in size ; 
they may be incapable of contraction even when 
directly stimulated ; they may show granules and 
droplets on biopsy. The attacks are produced by 
cold and often by, or associated with, changes in 
serum electrolytes. 

One cannot draw too close a parallel between 
Szent-GyO6rgyi’s experimental work and the clinical 
features of this disease, but if there were in familial 
periodic paralysis some _ genetically determined 
structural abnormality in the elements responsible 
for contractility, the biochemical findings might 
assume rather less importance, the irregularity of 
their appearance be less confusing, while it would 
be easier to understand the permanent muscle 
changes with paralysis, progressive wasting, and 
pseudohypertrophy which on some occasions have 
resembled the hereditary muscular dystrophies. 

There are a number of features of the disease 
which this suggestion does not explain, for example, 
the therapeutic value of potassium and the spon- 
taneous cessation of attacks, but it is hoped that it 
may indicate another line of approach to a difficult 
and obscure probiem. 


Summary 


Periodic paralysis is reported in two families. 
One member from each family has been studied in 
detail, both while normal and during induced 
paralysis. 

Emphasis is placed on the usually benign prog- 
nosis, and on the permanent muscle and reflex 
changes which may occur. 

Reference is made to current theories of patho- 
genicity, and attention drawn to the possibility of 
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the fundamental defect lying in the structural 
elements of the muscle itself. 


The patients investigated in detail were under the care 
of Professor P. C. Cloake and Dr. G. S. Hall. Professor 
Waldenstro6m of Malmé, Sweden, supplied details 
referring to H.IV.1, and extracts from the case history 
of H.IIL.6 are reproduced with the permission of Drs. 
E. N. Allott and Brian McArdle. Serum potassium 
estimations were carried out by Dr. Ronald Fletcher, 
and charts photographed by Mr. T. F. Dee. 
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RIBOSURIA IN MUSCULAR DYSTROPHY 
BY 
W. B. MATTHEWS and M. J. H. SMITH 
From King’s College Hospital and Medical School, Denmark Hill, London 


Ribosuria as a characteristic feature of muscular 
dystrophy was reported by Minot, Frank, and 
Dziewiatkowski (1949). The ribosuria was detected 
by a positive reduction with Benedict’s qualitative 
reagent on prolonged heating and the sugar identi- 
fied by the preparation of its osazone. A test for 
muscular dystrophy based on the microscopical 
appearance of this osazone was devised by Orr and 
Minot (1952). It was claimed that this reaction for 
ribose was positive in all cases of progressive 
muscular dystrophy, dystrophia myotonica, myo- 
tonia congenita and amyotonia congenita, and in 
some cases of poliomyelitis in the febrile stage, but 
was negative in a variety of other conditions such as 
myasthenia gravis and progressive muscular atrophy. 

We therefore examined the urine of patients 
suffering from a variety of myopathic disorders for 
ribose by a sensitive and specific paper chromato- 
graphic technique. 

Methods 


Urine Specimens.—Twenty-four hour collections were 
made from ward patients and early morning specimens 
obtained from out-patients; no preservative was 
employed. Each urine was tested by heating 8 drops 
for 45 minutes in a boiling water-bath with 5 ml. of 
Benedict’s qualitative reagent and by the paper 
chromatographic technique described below. These tests 
were performed on each specimen when it was received in 
the laboratory and after it had been allowed to stand for 
24 hours at room temperature. The two tests were 
repeated after the addition of 20 ml. concentrated HC1 
and a further 24 hours’ standing. 


Paper Chromatographic Method for Ribose.—A 
descending method using one dimension strips of 
Whatman No. 1 filter paper and a n-butanol-acetic acid- 
water mixture was employed (Horrocks and Manning, 
1949). Each chromatogram was run for 24 hours and the 
spraying reagent was aniline hydrogen phthalate (0-9 ml. 
of redistilled aniline dissolved in 100 ml. of 0-1M- 
phthalic acid). Glucose and ribose were used as marker 
substances, the Rf values being 0-19 and 0-33 respectively 
(uncorrected for temperature). The spraying reagent gave 
a yellow-brown spot with glucose and a red-brown spot 
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with ribose. The spots exhibited intense greenish-blue 
fluorescence under ultra-violet light (Consden and 
Stanier, 1952). A “*hanovia chromalite” lamp was used 
as the light source. The intensity of this fluorescence 
was such that it was easily possible to detect Sug. of the 
sugars on the chromatograms. Quantities of urine up to 
100 zl. were used in each run so that the sensitivity of the 
method was at least 5 ug. in 100 wl. of urine. Therefore 
if no ribose was detected on the chromatogram the urine 
specimen must have contained less than 5 mg. ribose per 
100 ml. Assuming an average daily urine volume of 
1,500 ml. less than 75 mg. in 24 hours of ribose were 
excreted. 


CLINICAL MATERIAL 





. _ ; No. of 
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Progressive muscular | (a) Pseudohy) pertrophic muscular l 

dystrophy : dystrophy 
} (b) Facioscapulohumeral muscular 
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| ©" Late forms" aa oe ee 

Dystrophia myotonica | 2 


Ocular myopathy | Kiloh and Nevin (1951) z= 


| Febrile stage 





Poliomyelitis 





Results and Discussion 


In only two urines out of 11 examined was any 
reduction obtained on testing with Benedict's 
qualitative reagent. In no case was ribose detected 
on a paper chromatogram and therefore less than 
5 mg. per 100 ml. of ribose was present in the urine 
samples. The two specimens which reduced Bene- 
dict’s qualitative reagent and were from patients 
with muscular dystrophy and poliomyelitis res- 
pectively, when chromatographed on paper showed 
the presence of glucose only. The failure to demon- 
strate ribose, even after the urine was allowed to 
stand, is important because Minot and others (1949) 
considered that in cases of muscular dystrophy the 
ribose was excreted as a phosphate complex which 
became converted to free ribose on standing. 

The results show that the excretion of significant 
amounts, i.e., more than 5 mg. per 100 ml., of ribose 
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RIBOSURIA IN MUSCULAR DYSTROPHY 


in the urine did not occur in the patients we have 
studied. We do not consider therefore that ribosuria 
is a characteristic feature of muscular dystrophy and 
allied diseases, and a test based on its alleged 
association with these conditions is of no value in 
differential diagnosis. 


Summary 


The urine of patients suffering from muscular 
dystrophy and certain allied conditions has been 
examined for ribose by a sensitive and specific paper 
chromatographic technique. Ribose was not 
detected in the urine specimens and it is concluded 
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that ribosuria is not a characteristic feature of this 
group of diseases. 


We wish to thank Miss E. Quilley for technical 
assistance, the physicians of King’s College Hospital 
and of the Western Hospital for permission to report on 
their patients, and the Board of Governors of King’s 
College Hospital for a grant to one of us (M.J.H.S.) 
towards the cost of the work. 
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PERSONALITY CHANGES AFTER OPERATIONS 
ON THE CINGULATE GYRUS IN MAN 


BY 


P. MACDONALD TOW and C. W. M. WHITTY 


From the Nuffield Department of Surgery, University of Oxford, and the 
Department of Neurology, Radcliffe Infirmary, Oxford 


The use of anterior cingulectomy in the treatment 
of certain mental disorders gave us the opportunity 
of studying in a small group of patients, whose basic 
personality was unaffected by their illness, the 
changes which may follow lesions of this area. This 
paper is concerned with a report of six such cases. 

The effect of lesions of the cingulate gyrus in 
animals has recently been described. Electrical 
stimulation of the area by Smith (1945), and 
ablation in monkeys by Ward (1948a and b) and 
by Glees, Cole, Whitty, and Cairns (1950) all 
resulted in striking transient changes in affective 
behaviour. It seemed desirable therefore to explore 
the possible therapeutic effects in man of an opera- 
tion designed to remove a part of this small region. 

Accordingly in 1948, the late Sir Hugh Cairns 
started operating on some chronic, severely disturbed 
mental hospital patients. The long-term results in 
such patients are reported elsewhere (Tow and 
Armstrong, 1953). In all cases there were significant 
changes in behaviour early after operation. There 
was evidence, both somatic and psychological, of 
lessened tension, amounting for a time to apathy 
and indifference. Negativism and aggressive out- 
bursts were reduced, and patients who had appeared 
inaccessible for years responded again to their 
environment. Though mostly transient, these early 
changes in deteriorated patients were considered to 
justify a trial of the operation in selected patients with 
a basically well preserved personality suffering from 
severe, prolonged, and disabling psychiatric illness. 
Of these, two were unimproved by the operation, and 
had a standard leucotomy some nine months later. 
They are therefore only briefly mentioned. The 
other six have been observed for periods of three to 
four years since operation, and the personality 
changes noted form the basis of this report. Although 
clinical improvement resulted in all six cases, we are 
not concerned primarily with therapeutic results. 
These have already been described briefly (Whitty, 
Duffield, Tow, and Cairns, 1952), and we here 
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attempt to describe the changes that occurred after 
operation, in the hope that they may illustrate some 
functions of the cingulate gyrus in normal cerebral 
economy, and thereby suggest therapeutic possibili- 
ties and limitations in individual cases of mental 
disorder. 

Our information was collected not only from 
intensive study of the patients themselves, but also 
by personal interviews with near relatives, friends, 
and employers. By crude clinical standards the 
psychological changes are not great ; but even with 
the few cases so far studied in detail there seem to 
be certain constant and interesting alterations in 
personality. 


Extent of Lesion and Operative Technique 


Details of the operation have already been 
reported (Whitty and others, 1952). It consists of a 
bilateral suction-ablation of the major part of the 
anterior cingulate gyrus (Area 24 of Brodmann). 
The anterior limit of the excision lies immediately 
above the anterior edge of the genu of the corpus 
callosum. It measures about | cm. in depth, 1 cm. 
in breadth, and extends caudally for about 3 cm. 
Some 3 g. of cerebral tissue is removed (Fig. 1). 
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The operation is often technically difficult owing 
mainly to the proximity of the anterior cerebral 
arteries and their branches, which have to be 
preserved. There may be associated damage to 
other parts of the frontal lobe, secondary to ligation 
of vessels where this is necessary, but every effort is 
made to limit the lesion strictly to the area defined. 

It should be emphasized that the use in these 
cases of precise anatomical terms, such as Area 24 
or cingulate gyrus, are largely for convenience in 
describing the intended site of a lesion. Full 
necropsy studies in each case are essential for an 
exact assessment of an individual lesion. The post- 
mortem appearances in three cases, not in this 
series, Suggest that macroscopic damage was in 
fact limited to the medial. aspect of the hemisphere 
as intended. Even though detailed histological 
study may reveal more widespread changes, the 
lesions discussed here are likely to be causing a more 
limited and well defined interference with the cortex 
of the inner aspect of the hemisphere than is the 
case in any “ blind ” fibre-cutting procedure. 


Case Records 


The following case summaries illustrate briefly 
the type of change we have noted. 


Case 1 (R. I. No. 112542/49).—A married woman 
aged 29 at operation had had no psychiatric symptoms 
until, following the birth of three children in a matter of 
four years, she was left to try and bring them up in a 
small flat during the London blitz with her husband 
away in the army. She became irritable and depressed, 
and after an induced abortion, about which she felt very 
guilty, depressive symptoms with suicidal feelings were so 
severe that she entered a mental hospital as a voluntary 
patient. She was discharged after a few months, very 
little improved by electro-convulsion therapy (E.C.T.). 
During the next four years, although only in hospital 
for short periods, she remained severely disabled—tense, 
anxious, and depressed, with episodes of acute panic, 
occasional suicidal feelings, and one suicidal attempt. 
Electro-convulsion therapy, modified insulin and con- 
tinuous narcosis gave only temporary improvement. 
She was never able to take charge of her children who 
were boarded out. She remained intellectually clear and 
was so distressed by her symptoms that she willingly 
accepted any treatment offered, and four and a half 
years after the onset of her illness she was referred for 
cingulectomy. 

At operation, on the left side the ablation had to be 
done in two parts with a bridge of tissue left where the 
anterior cerebral artery arched up on to the cingulate 
gyrus. However, on both sides the ablation was 3-4 cm. 
long and to a depth of 1 cm. 

Following operation there was masted reduction in 
tension and distress. Her acute anxiety and panic states 
were abolished. A noticeable emotional flattening 
occurred at first, but this cleared gradually in about 10 
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days without any return of tension or anxiety. Six 
weeks after operation she returned home and shortly 
took charge of her children again. Her improvement was 
maintained, although on two occasions she became 
temporarily depressed, and six months later she regarded 
herself as virtually cured. She has now remained symp- 
tom free for nearly four years, managing her own house 
and family, as well as going out two mornings a week to 
do outside domestic work. 

Her basic personality before the illness was somewhat 
rigid and inhibited. She kept to herself, made few 
friends, and found social intercourse difficult. Sexually 
she was cold, and said she submitted to intercourse for 
her husband’s sake. In her private opinions and beha- 
viour she was somewhat dogmatic and unyielding, and 
showed rmany minor obsessive traits. She had a strong 
sense of responsibility. Any demands for a lessening of 
her high standards of conduct produced obsessive 
ruminations and secondary anxiety about the conse- 
quences, though not of pathological intensity. Her 
judgment in household matters was sound, though she 
occasionally indulged in rather reckless spending which 
she afterwards regretted. She was brought up an Irish 
Protestant, but showed no special concern for religion 
or religious observance. She was vaguely interested in 
music, but had no marked artistic abilities or interests. 
Her sense of humour was limited. 

After operation she showed definite personality 
changes. She was less shy and sensitive, mixed more 
readily, and discussed her feelings with less reserve. 
She became irritated and angry more easily, but these 
outbursts passed more quickly and she no longer brooded 
on incidents. She was less unyielding in her opinions and 
was prepared to consider them mistaken. She no longer 
worried so much over the possible consequences of some 
line of action she considered wrong. However, there 
was no lowering of her usual standards of cleanliness and 
tidiness in managing the house and children, but her 
obsessive traits in these and other matters had gone. 
She drove herself less hard and would not sacrifice 
herself so much for her family. Sexually she appeared 
unchanged. Her judgment was unimpaired. She had 
had no spending outbursts since operation. These 
changes were only noted by those who knew her inti- 
mately and were not considered a disadvantage. On the 
contrary, her husband considered she was in some ways 
better than before operation—steadier, more balanced, 
and not so easily upset by the demands of life. 


Case 2 (R. I. No. 105523/46).—A married woman 
aged 38 at operation had suffered since the age of 15 
from obsessive ruminations and attacks of depression. 
Distorted information she had gleaned on the subject of 
conception caused her to dwell continually on the 
morbidness and wickedness of the sex act. Even two 
things touching would upset her. These ruminations 
pervaded her mind so much that at times she would 
become unable to do any of her household duties 
and would remain shut in her room and often 
in bed. Always subject to swings of mood she had 
periods of depression with feelings of guilt and un- 
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worthiness, when the ruminations became more intense. 
She could not enjoy sexual intercourse, though at times 
desire was intense. She had sought psychiatric advice as 
an out-patient on several occasions, and shortly after 
the birth of her second child, when she was 35, there was 
an acute exacerbation and she was admitted to a mental 
hospital. At this time she was tense, agitated, and 
confused, pouring forth a stream of semi-coherent talk 
on sex and religion. She improved with E.C.T. suffi- 
ciently to return home, but despite further E.C.T. to a 
total of 60 shocks, she remained severely ill for the next 
three years. Her household was neglected and her 
children cared for by relations. She could only sleep 
with heavy doses of barbiturates, and spent much of her 
time in bed or huddled in a corner of her room. Her 
intellect was well preserved ‘and her clear insight added 
to her distress. Cingulectomy was performed at this stage. 

At operation, on the right, the ablation extended to 
the upper part of the genu, about 3 cm. long and | cm. 
deep ; on the left it was as long but not so deep. A 
cortical vein draining to the sagittal sinus on the right 
was divided. 

Following operation her tension and distress were at 
once reduced. The ruminations still occurred but she 
could now dismiss them and turn her attention elsewhere. 
During the first few days she was occasionally incontinent 
of urine, and two weeks after operation she had two 
major epileptic fits, but none thereafter. During the next 
six months her ruminations steadily decreased in inten- 
sity. On one or two occasions, especially when some 
financial worries were prominent, they increased 
temporarily. However, within a year from operation 
she was entirely free from her morbid thoughts, and was 
managing her house and children in a relaxed and 
cheerful frame of mind. This position has been main- 
tained for four years. 

As a girl she had always been regarded as shy, self- 
contained, rather over-meticulous, and conscientious. 
She had had a strict religious upbringing, and continued 
to take an active interest in religion when her iiiness 
permitted. After its onset, at times when her symptoms 
were slight, her basic personality emerged clearly enough. 
She did not mix readily or express her feelings, but 
inwardly she was dogmatic and rigid in her views. She 
exacted high standards of herself and expected them of 
others. Although basically friendly and affectionate, 
these traits were often obscured by her insistence on 
self-discipline. She read widely and played the piano 
and violin well, but ‘“‘ could not tolerate rubbish ”’ either 
in books or music. 

After operation her personality showed some change. 
She expressed her feelings more freely, would enjoy 
playing with the children more, but would be more 
- easily irritated and show it at once. She mixed more 
readily and would discuss her personal affairs with friends 
as she would not previously. She worried less over the 
misfortunes of others. She was as efficient and tidy in 
the house as before, but was less insistent that everything 
must be just right. She demanded less of herself and 
others. Her emotional responses were more spontaneous 
but more quickly over. She read less and then only light 
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literature. Her piano playing was also now only of light 
popular tunes and improvisations. Her sense of humour 
was broader. She retained her religious convictions, but 
was less regular in religious observances. Her husband 
thought her less prone to put his and the children’s 
interests before her own. However, most of the family 
and intimate friends considered she was improved by 
being less fussy and more ready to take things as they 
came. 


Case 3 (R. L. No. 110696/49).—A married man, aged 
44 at operation, had been free from psychiatric symptoms 
until, at the age of 35, while serving with the R.A.F, 
as a corporal in the western desert, he began to be 
increasingly irritable and unable to concentrate or make 
decisions. He could not eat or sleep properly, and 
became so depressed and anxious that he was sent to a 
military mental hospital, where continuous narcosis 
and modified insulin were given with no improvement, 
and he was invalided from the service. He considered 
this a severe disgrace, which added to his distress. For 
the next eight years he remained tense, anxious, and 
depressed. He developed obsessional symptoms with 
some ritualistic behaviour. He attended the psychiatric 
out-patient department, but doggedly refused to enter 
hospital. He could not sleep without sedatives, and had to 
take barbiturates by day also. He lost much weight. 
He managed to carry on with clerical work, but his 
efficiency was greatly reduced. His insight was well 
preserved which added to his distress. At last he felt 
he could carry on no longer, and cingulectomy was 
decided on some 10 years after the onset of his illness. 

At operation several fine veins right down in the 
cingulate region were divided to get adequate exposure. 
Lesions of 3 cm. by 1 cm. were made on each side. Some 
fibres of the cingulum were probably involved. A tiny 
artery running across the right cingulate gyrus was 
divided. 

After operation his tension was reduced. He lost his 
anxiety, restlessness, and depression, and his obsessional 
symptoms cleared. For a few weeks his mood was 
slightly euphoric. He returned home within five weeks. 
At this time he was cheerful and free from anxiety. 
He ate well and regained his normal weight. He continued | 
to take sedatives at night and slept well, but required none 
by day. He returned to work as a salesman, and for 
some months did well. However, he readily became 
flustered in any unusual situation, and, because of 
complaints of rudeness to customers, he lost his job. 
This produced a resentful, almost paranoid attitude, and 
although he got other work, some of this attitude 
persisted. Three and a half years later he was free from 
anxiety and depression, had none of his previous 
restlessness, or obsessions. He was occasionally depressed 
for short periods, but never so intensely as_ before 
operation. He continued to blame the employers who 
had dismissed him for what symptoms he still had. 

His pre-morbid personality showed a precise, metic- 
ulous, very conscientious man. He took endless trouble 
to do things exactly right, and was fussy over personal 
appearance, cleanliness, and general tidiness. He was 
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PERSONALITY CHANGES AFTER CINGULECTOM Y 


reserved, and did not mix well and centred his interests 
in his family, to whom he had a marked sense of respon- 
sibility. He was never demonstratively affectionate, 
and was sexually rather cold. He had considerable 
energy and drive, and did very well as an insurance 
salesman. He was a keen gardener and had a workshop 
in which he did woodwork. In his private opinions, he 
was dogmatic and obstinate, though he would not 
express his feelings outside his immediate circle. His 
sense of humour was limited, which further reduced his 
social contacts. In business and general matters his 
judgment was sound, and he would consider almost too 
carefully every aspect of a problem. He had no strong 
religious convictions. 

Following operation he was less reserved. He ex- 
pressed his feelings more freely, and would show im- 
patience and irritability more readily, though these 
would be short-lived. Though still precise, neat, and 
tidy, he would no longer insist on doing things so 
thoroughly, and would not worry over details, or con- 
sider problems from every angle. In consequence his 
judgment seemed slightly impaired at times. He showed 
a definite reduction in energy, tired rather easily, and 
took much less interest in his hobbies. These changes 
were shown also in his work, though here a more marked 
effect was his impatience at interruptions and consequent 
abruptness to customers or business seniors which was 
responsible for his losing his first post-operative job. 
His interest in his family was maintained, and sexually 
he was unchanged. His wife thought him substantially 
the same as he had always been, though she noticed 
especially his reduced energy and drive. Some of his 
friends thought him improved, less stiff and easier to 
get on with. His less inhibited behaviour undoubtedly 
allowed a slightly paranoid trend to emerge, and this 
was clearly seen in his reaction to his loss of work. 


Case 4 (R. I. 33964/44).—A single woman, aged 26 
at operation, had always been sensitive, shy, and prone 
to worry over trifles. However, florid psychiatric symp- 
toms had not become marked until she took her first 
job at the age of 15. She then began to evolve ritualistic 
behaviour involving folding her ciothes in a special way, 
and placing a needle and pin in a special position beside 
her bed. Failure to carry these out would cause intense 
anxiety. Fear of anything connected with death became 
obsessive and she had to give up her job because she 
came to believe that someone had committed suicide in 
the firm’s lavatory. Her rituals and anxieties became so 
involved and incapacitating that she entered a mental 
hospital as a voluntary patient at the age of 20. During 
the next two years she was in and out of hospital and 
had E.C.T., continuous narcosis, and modified insulin 
treatment. Improvement with these was short-lived, and 
frontal leucotomy was finally performed. Improvement 
followed, and for some months her rituals were aban- 
doned. She became less tense and anxious and her 
Obsessions about death cleared. She returned to clerical 
work. However, within a year, her symptoms had 
returned and were as severe as ever. E.C.T. gave no 
re'ief, and she returned to hospital and to a “ disturbed ” 
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ward. She was tense and at times panic-stricken, and 
was withdrawn and unresponsive, at times refusing food 
and drink. She had been like this for nearly two years 
when cingulectomy was undertaken. 

At operation, in the approach to area 24 three small 
veins going to the sagittal sinus had to be divided. The 
area of removal was small but the cingulum was probably 
involved on both sides. Ablations were just over 0:7 cm. 
in width and just over 1 cm. long, that on the right being 
more posterior. 

Following operation, she again improved. Her tension 
and anxiety were relieved. There was no further rituali- 
stic behaviour. She returned home in two months, and 
picked up many interests and hobbies she had not done 
for years. She established a firm friendship with a 
younger woman whom she had met while in hospital, and 
this seemed a factor in consolidating her recovery. There 
was a brief period of return of depression, but without 
rituals or obsessions, and this soon cleared. Six months 
after operation she was busy and happy at home, and 
taking a normal part in social life at clubs and dances. 
This position was maintained three years later. 

Assessment of personality change after cingulectomy 
was complicated by the earlier leucotomy. Before her 
illness developed fully she was a shy, retiring person who 
found it difficult to mix and make friends and would 
never express her feelings readily. She was mildly 
obsessional about cleanliness and had always been pre- 
occupied with thoughts of death. She would often 
worry intensely over whether she was behaving correctly. 
She was credulous and rather easily led, and had never 
had much drive or energy. Following leucotomy she 
was for a time more forthcoming and mixed more 
easily in company. She worried less about what others 
thought of her. However, these changes were soon 
submerged again by her symptoms. 

After cingulectomy the most striking change was her 
greater sociability. With this went a more care-free 
attitude and a greater readiness to express her feelings, 
both in confidences to her friends, and in a show of 
irritation or impatience at what annoyed her. She 
showed an increased independence of her family, and 
was less timid and shy. She would no longer brood over 
things, and was not especially concerned as to whether 
she was doing “ the right thing’’. She had no special 
intellectual or artistic interests either before or after 
operation. Her obsessive thoughts about death cleared 
completely, though she was still very insistent about 
personal cleanliness and tidiness. She seemed to tire and 
lose interest more easily. She certainly made no great 
effort to get work, but was content simply to help at 
home. 


Case 5 (R. I. No. 103761/49).—A man aged 35 at 
operation had been free from psychiatric symptoms until 
after he was a prisoner of war in Japanese hands during 
the war. While working on the Thailand railway under 
notoriously bad conditions he began to imagine a smell 
from his genitals. On repatriation after the war, this 
idea persisted. Previously a skilled factory worker, he 
took work as a farm labourer in the hope that the open 
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air would dispel the smell. At this time he set up house 
with a married woman by whom he had two children. 
He continued to worry about his smell and gradually his 


whole life became disorganized by this obsession. He 
bathed frequently and would only put his trousers on 
just before going to work. He would use no form of 
public transport and would never enter a public house or 
cinema for fear that people would smell him. He begged 
his doctor to arrange an operation for removal of his 
genitals. He became severely depressed and made an 
unsuccessful suicidal attempt. He was tense, unable to 
sleep, lost weight, and was subject to violent outbursts 
of temper. At times he dared not go to work, but 
remained shut in his bedroom. During four years he had 
much out-patient psychiatric treatment and continuous 
narcosis during a brief hospital admission. At this stage 
a cingulectomy was undertaken. 

At operation on the left, a deep lesion was made by 
suction. A small vessel was coagulated and the total 
length of ablation was almost 3 cm. On the right, the 
excision was broken up, an unusual mass being en- 
countered in the middle of the lower part of the gyrus 
which was probably a small thrombosed aneurysm. 
On each side some fibres of the cingulum were involved. 

Following operation he was greatly improved. His 
tension and depression cleared. Within a few weeks he 
returned home. Although when asked directly he said 
the smell was there at times, it no longer worried him. 
He resumed work and did overtime at potato harvest. 
He would visit his local public house and occasionally 
travelled on a bus. Six months later his depression 
returned briefly and he again avoided company for a 
while. However, this was short lived and he did not give 
up work, nor did he complain spontaneously of his 
smell. Since then he has remained normally cheerful, 
working regularly, and mixing freely. If asked directly 
he will say the smell is occasionally present, but in fact 
it no longer appears to influence his conduct at all. 
This was the position three and a half years after opera- 
tion. 

Before his illness he was a cheerful, even-tempered 
man, who got on well with his friends and family. 
Somewhat stolid and without ambition, he did not mix 
much and kept his feelings and opinions to himself. 
Although not unduly sensitive, he liked to feel in agree- 
ment with those around him, and would feel uncom- 
fortable at doing anything out of the ordinary. He was 
careful of his personal appearance, tidy and methodical, 
but showed no obsessive traits. He had no interest in 
women and had never had sexual intercourse. He was 
a good footballer, both playing himself and following 
the game keenly. He had no intellectual or artistic 
pursuits and was not interested in religion. 

After operation he mixed more freely and was more 
ready to express his feelings, though his affect was 
generally rather flatter. He was easily moved to irritation, 
though this passed quickly, and he no longer had any 
outbursts of violent temper. He tired more easily and 
never evinced any interest in football. He no longer 
seemed troubled about what others thought of him and 
was quite unconcerned at doing things which might 
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cause comment. He spoke quite openly for instance 
about not being married to his “ wife”. Though stijj 
neat in personal appearance, he was less tidy and 
methodical. His general judgment and memory were 
unimpaired, but he found an increased difficulty jp 
learning new skills and was slower at his work. He 
spent much time in playing with the children, though 
their noise would easily upset him and he would flare up 
momentarily. 


Case 6 (R. I. No. 120998/50).—A man aged 40 at 
operation had been healthy, mentally and physically, 
until the war, when, after three years of considerable 
stress as an A.R.P. worker, he became tense, depressed, 
and unable to sleep. He suffered from headaches and 
many other bizarre bodily symptoms about which he 
formed hypochondriacal ideas which became very 
obsessive. He lost much weight. His normal drive and 
energy deserted him and his tension, anxiety, and 
obsessions about his bodily health became so severe that 
he had to give up work. He had two courses of E.C.T, 
and was admitted to a mental hospital for a period of 
continuous narcosis. These procedures gave temporary 
improvement. However, symptoms again became 
disabling. Headaches were very severe and would occur 
daily, and various “ pains’ in the abdomen and chest 
occurred. All these were matters of obsessional rumina- 
tion to him and he was extremely tense and anxious, 
thinking them evidence of grave organic disease. Further 
treatment, including E.C.T., brought no relief, and 
cingulectomy was undertaken some six years after the 
onset of symptoms. 

At operation the approach was difficult owing to 
adhesions between the hemispheres. At first a lesion was 
made too far forward in the sub-callosal part of area 32 
on the right. Definition of the genu of the corpus 
callosum then allowed bilateral cingulate lesions, about 
4 cm. long and deeper on the left than the right, to be 
made. On the left, the cingulum was involved. , 

After operation tension and anxiety were reduced. 
He complained less of his bodily symptoms, though ifasked 


directly he said he still had them. He soon began to — 


sleep better, and regained weight. After returning home 
in a few weeks his obsessional hypochondriasis and tension 
entirely cleared. However, he found many excuses for 
not taking up regular work for a considerable time, and 
for some months would have transient periods of mild 
depression. A year after operation these seemed to have 
cleared, and he was back at work free of symptoms, 
and this was the position two years later. 

His premorbid personality showed a man who was 
continually pushing himself to excel in any activity he 
undertook. He appeared to be full of drive and energy. 
He would mix well and was a member of many clubs and 
societies. He was always regarded as a leader and dare- 
devil, and felt he must live up to this reputation. He was 
sensitive to what others thought of him and could not 
bear to be unpopular. He accepted the views and 
opinions of his set, and did not form his own much. He 
was a keen athlete and good at tennis, cricket, and 
football. He was not specially active sexually, and after 
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PERSONALITY CHANGES AFTER CINGULECTOM Y 


developing a hydrocele he became impotent for a time. 
He had no intellectual or artistic interests. He was a 
Roman Catholic, married to a Protestant, and though 
not overtly devout, he insisted on the children attending 
Mass regularly. 

After operation he no longer felt the urge to excel 
and to live up to a reputation. He was quieter in manner, 
and others said, “* He is no longer the life and soul of the 
party”. His energy and drive were lessened and for a 
time his performance at games fell off. He mixed as well 
and was as cheerful as before, but no longer felt worried 
about what others thought of him. He would become 
irritated with minor frustrations, and show it immediately. 
He seemed more self-centred. His sexual behaviour was 
unchanged. He was as affectionate as before, but might 


~ quarrel with his wife in public over some minor point, 


which he would not have done before. His affect seemed 
slightly shallower. His religious attitude was essentially 
unchanged, though he was less insistent about the 
children’s religious upbringing. He made no real effort 
to start work again for several months after operation, 
although this was in a family business and quite easy to 
arrange. 


Case 7 (R. I. No. 106422 /49).—A married woman aged 
49 at operation had a strong family history of depressive 
illness. She herself suffered occasional attacks of 
depression from 20 to 28 years of age. At 29, after the 
birth of her first child, she became severely depressed 
and obsessed by noises in her head and other bodily 
symptoms, and entered a mental hospital as a voluntary 
patient. She left after nine months slightly improved. 
Her symptoms continued though she managed to stay 
at home and do her housework until she was 47. She 
then became tense and depressed with suicidal feelings 
and so troubled by compulsive thoughts that she again 
entered hospital as a voluntary patient. Electro- 
convulsive therapy and ‘* somnifaine ” narcosis produced 
no improvement, and after two years of severe illness, as 


her personality seemed well preserved, cingulectomy was | 


done. 

At operation, a group of veins from the convex surface 
of the right frontal pole had to be divided, and the 
removal on this side was about 3-5 cm. long. On the left, 
the ablation was of the same size but was done in three 
pieces to avoid damage to the branches of the calloso- 
marginal artery. 

After operationshe was much less tense. Her depression 
was reduced, and her obsessive thoughts and hypo- 
chondriacal symptoms were markedly improved for a few 
weeks. She went home, but already her symptoms were 
returning. Three months later she returned to hospital. 
It was noted then that she would talk about her symptoms 
and could be led on to other topics more readily than on 
her previous admission, and her signs of tension and 
distress would then lighten. Otherwise she was as before 
operation. Her condition was unaffected by narcosis and 
E.C.T. and six months later she had a leucotomy. Some 
months after, she was sufficiently improved to return 
home, and she has remained there since. 

Her personality traits cannot be readily separated from 
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her depressive symptoms, but she appears to have been 
a rather obsessive, meticulous woman, prone to worry 
about trivial things. She enjoyed company though she 
did not like being conspicuous and was regarded as 
shy. She was kind and sympathetic, but sexually rather 
cold. She had no interests beyond her house and family 
and was not a religious woman. 

During the short period after cingulectomy, before her 
lsymptoms again obscured the picture, the only change 
‘clearly noticed was an increased readiness to express her 
feelings. There was some suggestion also that she 
worried less over matters arising from her environment. 


Case 8 (R. I. No. 69251/47).—A woman aged 29 at 
operation was an illegitimate child, and herself married 
because already pregnant. She was free from psychiatric 
symptoms until after the birth of her second child. She 
then became hostile to her husband with some reason, 
and to her mother with no reason. She expressed 
delusions of persecution and reference, and periods of 
abnormal apathy would alternate with sudden rather 
inappropriate activity. During the next few years her 
paranoid ideas increased : and she was in hospital con- 
tinuously for two years before cingulectomy. Here she 
accused the staff of sexual assault and was uncooperative 
and at times suddenly aggressive, though apart from her 
delusions she remained intellectually well preserved. 

At operation, on the right, the lesion was 2:8 cm. 
long. On the left it was slightly shorter. Lesions were 
deeper than usual, but on each side a small bridge of 
tissue was left beneath the origin of the calloso-marginal 
artery. 

After operation she was much quieter, more co- 
operative, and made no further attacks on the staff. 
However, her delusions that men assaulted her during 
sleep remained and she thought she was pregnant, 
though these views now only emerged on questioning 
her. She then began to refuse food and drink because it 
would poison her, and as her paranoid ideas seemed 
completely unchanged, in view of the prognosis, leuco- 
tomy was done some eight months after cingulectomy. 
This resulted in improvement in behaviour and a gradual 
subsidence of her delusions. Some months later she was 
able to return home and has since remained there and is 
now doing clerical work, though clearly showing some 
of the features of frontal lobe deficit. 

Her pre-morbid personality showed a self-reliant and 
opinionated woman, who did not care what others 
thought of her. She disliked authority and thought 
many conventions stupid. She never showed affection 
readily, though she kept up with two or three school-day 
friends. She married her husband because she was 
pregnant by him, but had only had intercourse at his 
urging and was in fact somewhat cold sexually. She was 
ambitious and eager to get on in life. 

The brief period of observation following cingulectomy 
showed only a reduction in her tension and drive, with a 
tendency to express her opinions either delusional or 
otherwise only when asked about them. This reduced 
conation was also shown in her acceptance of hospital 
clothing and occupational therapy, which she had 
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strenuously refused before. Her hostility to her husband 
remained unchanged, though her likes and dislikes of 
hospital staff, previously fairly constant, now changed 
from day to day. 

Discussion 


Our most important overall observation is that 
there has been little change in the total personality 
picture in these patients compared to the marked 
but transient behaviour changes seen in monkeys. 
In contrast also to what we can detect after a frontal 
leucotomy, although alterations occur in both 
instances in the sphere of social behaviour, the 
anterior cingulate subject shows nothing obviously 
unusual in his behaviour when one sees him, meets 
him, or talks to him : to all intents and purposes he 
is normal. It is important from the point of view 
of the clinician to stress this general impression as 
a background for the changes described. 

A fairly clear-cut, composite picture can be drawn 
from the brief case histories given above. Although 
some subjects become unduly tired in the afternoon, 
capacity for work and actual level of performance 
seem unimpaired. Indeed, the only constant change 
here is an increase in the efficiency of certain 
activities related to the removal! of an incapacitating 
symptom of the illness. Most subjects are con- 
siderably less meticulous in habits, and some are 
slower in thought and action. Judgment seems to 
be impaired at times in personal and social relations, 
but when confronted with concrete objects or situa- 
tions the power of discrimination is not affected. 
In the intellectual sphere there appears to be a 
general slowing up and some lowering of compre- 
hension not yet analysed. There is no evidence of 
any impairment of remote or recent memory. 

Outside the narrower sphere of daily work there 
is a slight loss of depth and variety in general interests 
and pursuits, the nature of which depends on the 
subject’s pre-operative level. There seems also less 
energy available for these activities. One who read 
widely in good literature now only sporadically 
reads much less worth-while books ; while another 
who read a large variety of good novels now reads 
much less avidly, and then only the poorer light 
magazines. One has given up his carpentry, 
gardening, and reading entirely. Both he and 
another have lost all interest in sport and now 
never go to football matches as they used to. 

In the sphere of religious activity and thought, 
though we have watched closely for signs of change, 
we are unable to be sure of any real alteration in 
_ attitude. 

In the general affective and instinctive life there 
are no very positive changes. Probably the affect is 
shallower, but not to any ordinary clinical degree. 
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Sexual activity does not seem to be altered beyond 
any fluctuation which can be attributed to the 


illness. Sexual desire is unchanged, but there is g 
change in attitude to sex, and in talking about it, 
which is freer and more uninhibited. Such emotions 
as jealousy, sullenness, and tempers are exhibited 
as often as before operation, but usually with less 
** kick ” in them. They do not persist and “ are all 
over in a moment ”’, as one patient said. 

There is a lowered threshold of tolerance for such 
irritations as noise, interruptions, or sudden social 
demands such as the unexpected arrival of visitors, 
and also for interpersonal friction and disagreement. 
These are probably reflections of the greater freedom 
in expressing their feelings which these patients 
generally show. On the other hand, in full-blown 
arguments subjects have usually shown a less 
marked reaction than before operation : the initial 
emotional response is not sustained. Often there has 
been a damping down of drive and decisiveness, but 
this comes out only on special occasions with 
special demands and not in the daily planning of 
life’s routine. There is none of the lazy solitude, 
objectionable sullenness, or egocentricity which 
occasionally dominates the picture after leucotomy. 
The capacity for humour has not been impaired ; 
in fact, there are examples of considerably more 
healthy reaction to joking and ribald activities. 

In social intercourse there is greater mobility and 
freedom of expression, and often a greater forth- 
rightness in behaviour. But there is never reckless 
or impulsive action of the kind resulting from a 
lack of normal foresight, as may be seen after a 
frontal leucotomy. Nor is there any lack of 
reasonable care or thoroughness or any display of 
overtly unkind or unsympathetic behaviour. There 


‘is a loss of pathological worrying and introspection ; 


and on the affective side also there is a marked loss 
of timidity and selfconsciousness. 

This expansion of social activity is not evident 
where there was probably none at all in the past. 
But where, before operation, social expression was 
obviously inhibited or distorted by illness or con- 
Sstrictive personality traits, it is afterwards seen in a 
fuller, more vigorous fashion. There seems to be a 
greater flexibility and play in talking, laughing, and 
all the minor manifestations of self-expression in 
everyday social intercourse. 

It has also been observed that the subjects will 
talk more quickly and directly on topics normally 
requiring a period of “ warming-up”’. They may 
more readily discuss the character deficiencies of 
their friends, and are more willing to talk on closely 
personal matters or details of sex life. They show a 
greater apparent willingness to expose their feelings. 
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PERSONALITY CHANGES AFTER CINGULECTOM Y 


There has been a constant reduction in the 
intensity of morbid anxiety, but without any patho- 
logical impairment of the normal capacity for 
healthy worrying and sympathetic concern. There 
has always been a lessening in the perseveration of 
obsessional thoughts and fears : the automatic and 
mechanically repetitive aspect disappears. If asked 
directly, patients usually say that the thoughts may 
still occur, but they no longer trouble them and 
there is no difficulty in dismissing them and turning 
their attention to other matters. As time goes by 
their actual occurrence is also less frequent. The 
resulting improvement in the effectiveness of 
thought and behaviour may be striking. 

It is interesting to recall that Goldstein (1936), 
after an extensive experience of subjects with frontal 
lesions more widespread than in our cases, said 
that at first sight they appear normal and their 
defects can only be revealed with special methods of 
examination. Since then these methods have 
defined the picture of frontal lobe lesions in general 
sufficiently for us to recognize typical changes in 
many such cases, even at brief interview. In con- 
trast to this, however, patients with a cingulate 
lesion do not show any of the expected indications 
of frontal lobe deficit, and still give an impression 
of “ normality ’, and only detailed study reveals the 
characteristic changes we have described. 

If we apply these changes to the therapeutic 
field, those patients may be expected to benefit in 
whom there is a rigid, constricted personality, with 
exacting standards of behaviour and excessive 
response to environmental demands. Where the 
disease process itself is intrinsic to or destructive of 
personality, as in a schizophrenic process (Tow and 
Armstrong, 1953), the operation is likely to be of 
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very little value. The fact that beneficial changes 
seem to occur in certain symptoms, with no adverse 
effect on the whole personality, suggests that the 
operation should have further trial in certain 
psychoneurotic patients whose illness is intractable 
and disabling. 

The changes summarized above have so far been 
strikingly consistent. Though they may be slight, 
the full case histories provide much detailed and 
concrete exemplification. Their constancy has in 
our experience provided a surprising contrast with 
the variation of pattern seen after standard leuco- 
tomy. Essentially they take the form of a reduction 
of perseveration in both affective and cognitive 
spheres, and a general disinhibition, lacking objec- 
tionable features, and providing a freer and usually 
rather less integrated personality. 


Summary 


Changes in personality in eight undeteriorated 
patients following bilateral ablations in the anterior 
cingulate region are described. The lesions were 
small, 3 cm. long and | cm. wide, and great care was 
taken to avoid damage elsewhere. Changes were 
slight, but consistent : they are confined chiefly to 


a reduction of inhibition, perseveration, and 
excessive self-concern. 
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PHOTO-METRAZOL SENSITIVITY IN CATATONIC SCHIZOPHRENIA 


BY 
D. M. LEIBERMAN and J. HOENIG 


From the Department of Clinical Neurophysiology, Instititute of Psychiatry, 
Maudsley Hospital, London 


It can be considered as established that epileptic 
phenomena occur more frequently in catatonic 
schizophrenia than chance alone would explain. 
The literature on this subject was summarized by 
Hill (1948). This increased propensity of the brain 
of the catatonic patient to discharge in an epilepti- 
form fashion can be assessed quantitatively. The 
method in use for this purpose, which will be 
described below, consists in the activation of the 
E.E.G. by means of intravenous ‘“ metrazol” 
injections combined with simultaneous stimulation 
of the retina by flickering light. It has been given 
the portmanteau term “ Phomac”’ (PH Oto-Metrazol- 
ACtivation) by Rémond (1952). The origins of 
this method are as follows. Walter and Walter 
(1949) have described the use of the electronic 
stroboscope in the production of paroxysmal E.E.G. 
changes, myoclonus, or seizures in suitably sensitive 
subjects. Similarly, intravenous injections of 
** metrazol *’ have been used to activate the E.E.G. 
for diagnostic purposes. The latter method lends 
itself to a quantitative assessment of the epileptic 
tendency of the central nervous system (Hutchinson, 
1951). Gastaut (1950) combined these two methods. 
He injected “‘ metrazol”’ intravenously at a rate of 
50 mg. every 30 seconds and at the same time 
stimulated the retina with light flashes from an 
electronic stroboscope at a rate of 13 to 18 c./sec. 
He found that when a certain quantity of ‘** metrazol”’ 
had been injected the flash stimulation produced 
paroxysmal E.E.G. disturbances, myoclonus, or 
even seizures if pressed far enough. The quantity 
of “‘metrazol” required to render the subject 
sensitive to stroboscopic stimulation of the retina is 
termed the threshold value, and can be stated in 
milligrammes of ‘* metrazol”’’, or millilitres of a 
solution of given strength. The threshold value may 
vary in different individuals from zero, which means 
that the subject is sensitive to flicker stimulation 
alone, to 1,000 mg. “‘metrazol” or over. Values above 
1,000 mg., however, are uncommon. Following 


Rémond, we can term this value the ‘* Phomac 
threshold’. Among others such as Gastaut (1950), 
Rémond (1952), Bickford and Daly (1951) we have 
assessed the Phomac threshold in various diagnostic 
groups of patients (Leiberman, Hoenig, and Hacker, 
1953). We have shown that in catatonic schizo- 
phrenics and idiopathic epileptics the mean Phomac 
threshold is below that of the normal population, a 
result in substantial agreement with other authors. 
Other forms of schizophrenia were found to have 
thresholds in the normal range. We have interpreted 
the low threshold in catatonic schizophrenics as 
indicating the tendency of a presumed diencephalic 
neuronal system to discharge more readily than in 
normal individuals. This seemed to follow from the 
explanation of the physiological mechanism of 
Phomac put forward by Gastaut and Hunter (1950). 
There are, however, certain observations which seem 
to indicate that the convulsive threshold varies in 
each catatonic patient in the course of his illness. 
For instance, it is well known that some catatonic 
patients may have epileptiform seizures at certain 
stages of their illness, most characteristically towards 
the end of the stupor or shortly after recovery. 
Hill (1948) found in one patient that at the beginning 
of a catatonic stupor the amount of paroxysmal 
spike activity induced by a constant quantity of 
insulin injected intravenously was at a maximum. 
This was interpreted to mean that the tendency of 
the central nervous system to convulse was maximal 
at this time. Another observation bearing on this 
subject is that of Corriol and Bert (1950). They 
reported a case of catatonia in which an epileptiform 
seizure could be induced by flicker stimulation of 
the retina at a frequency of about 10F./sec. During 
the phase of stupor a short exposure to flicker 
would induce a seizure, but during remission a 
considerably longer exposure was necessary. 

The present study was carried out in order to 
investigate possible epileptic threshold variations in 
catatonic schizophrenia. The investigation consisted 
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in the repeated estimation of the Phomac threshold 
in the course of the illness of five patients. 


Method 


The threshold was estimated by the modified Gastaut 
(1950) method described by Leiberman and others 
(1953). Patients were asked to attend fasting, i.e. with 
only a light breakfast, and if they were taking any 
anticonvulsant drugs were asked to stop taking them for 
the 24 hours preceding the test. A simple explanation 
of the procedure was made when possible. An E.E.G. 
recording was begun, using two fronto-temporal and 
two temporo-occipital channels. A photo-cell was used 
in one channel to record the activity of the stroboscope. 
Such a record was found helpful for the subsequent 
interpretation. Our technique differs from Gastaut’s. 
A 10° solution of ‘‘ metrazol” (‘‘ cardiazol’’) was 
injected at the rate of 0-5 ml. per 30 seconds. The needle 
was left in situ during the test. Fifteen seconds after the 
injection the stroboscope was switched on and off 
intermittently until the next injection, i.e. for 15 sec. 
at a frequency of 13 to 18 c./s. During this time the 
patient opened and closed his eyes as originally described, 
whenever adequate cooperation made this possible. 
We believe that the 15 sec. delay before the light is 
flashed allows the “* metrazol”’ time to reach the cerebral 
circulation, and thus achieves a maximum combined 
effect. The injection and the stroboscopic flicker were 
stopped when the threshold, as defined below, was 
reached or if the patient became incooperative. 


Apart from the response most commonly observed 
by Gastaut, namely myoclonus with frontal poly- 
spikes in the E.E.G., which led him to coin the term 
“myoclonic threshold *’, we have observed other 
responses such as myoclonus with other forms of 
E.E.G. abnormality, polyspikes without myo- 
clonus, other marked E.E.G. abnormalities without 


Each circle represents a 3 
PHOMAC threshold esti- 
mation. The abscissa 
indicates the time when 
the test was carried out, 
measured from the begin- 
ning of the period of obser- 
vation ; the ordinate shows 
the amount in millilitres 
of “‘ metrazol” which had 
to be injected before the 
threshold was reached. 
The two types of arrows . 
show when photo-metrazol 0 sil | 





Phomac threshold 
10% Metrazol (ml.) 
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myoclonus, or seizures occurring without E.E.G. 
warning. We have accepted all these responses as 
threshold indicators. Reasons for this view are 
outlined in our report elsewhere (1953). The 
threshold value was expressed as the total quantity 
of “‘ metrazol” injected to produce any of the 
changes described above. 


Material 


The examinations were carried out on in-patients 
of the Bethlem Royal and the Maudsley hospitals. 
The diagnoses were made by the physicians in 
charge of the patients. We observed the patients 
clinically over several months and in some cases 
a number of recurrent catatonic episodes in 
hospital were observed. Short clinical histories are 
given below. 


Case 1.—A woman aged 28, suffering from catatonic 
schizophrenia, was admitted on April 24, 1950, because of 
recurrence of a catatonic illness. For her first attack she 
had been treated from March to September, 1949, at 
another hospital. The condition had responded to 
electro-convulsive therapy. On present admission she 
was mute and immobile, showed flexibilitas cerea, was 
passively obedient though very restricted in her move- 
ments, and refused food. She was given 11 electro- 
convulsive treatments and responded, only to relapse to 
her previous condition two weeks later. From that stage 
onward. Phomac was used to estimate a threshold 
repeatedly over the succeeding six months, during which 
period she was in and out of stupor three times. These 
remissions were induced by photo-metrazol or electrical 
convulsions. In many ways she was an ideal subject for 
the test, as her state of passive obedience made her 
cooperative and on her the largest number of estimations 
was made (Fig. 1). 


E.C.T. 


ll 





or electro-convulsions res- 
pectively were induced. 
The line below and parallel 
to the abscissa is a rough 
graph of the clinical course 
of the illness while the 
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patient was being inves- 
tigated, showing when he 
was in and out of stupor. 
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Case 2.—A woman aged 22, suffering from 
catatonic schizophrenia, was admitted on 
September 4, 1950, because of a recurrence 
of a catatonic illness. Her first attack was in 
September, 1947, and had remitted spon- 
taneously after one month. The next attack 
occurred in May, 1948, and she was treated 
successfully with insulin comas and electro- 
convulsions. After this she remained well for 
eight months and then had a relapse which 
lasted only six weeks and ended spontaneously. 
She remained well until August, 1950. Her 
present admission was arranged three weeks 
after the onset of her illness. On admission she 
was restless and manneristic, showing a number 
of stereotyped movements. She had thought 
blocking, was hallucinated, and had a number of 
hypochondriacal delusions. Her’ case was 
followed over some three months. On three 
occasions a Phomac threshold estimation was 
made, and then she refused further co 
operation in threshold measurements until 
just before her discharge from hospital. She 
gave as a reason that the test made her feel 
strange and frightened (Fig. 2). 


Phomac threshold 
10% Metrazol (ml.) 
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Case 3.—A woman aged 29, suffering from catatonic 
schizophrenia, was admitted on October 3, 1950. She 
was a woman of shy, retiring personality, who had become 
increasingly quiet and withdrawn over the past year. 
Some two months before admission she became restless, 
continually “‘turning out” articles of clothing and 
furniture in her room. Three weeks before admission 
she became very depressed and agitated. At work 
she behaved strangely, weeping and repeating to a 
colleague, *‘ I love John’. On admission she was semi- 
stuporose, mute and inactive, bewildered, and incontinent 
of urine and faeces. During the period of ward observa- 
tion it was noted that at times she appeared hallucinated, 
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and when she was induced to speak under the influence of 
‘“‘amytal,” bizarre delusions were revealed, suggestive 
of schizophrenia. Four photo-metrazol convulsions and 
five electro-convulsions were given with apparent good 
recovery. Phomac thresholds were estimated on several 
occasions (Fig. 3). 


Case 4.—A man aged 17, suffering from catatonic 
schizophrenia, was admitted on December 22, 1950, in 
catatonic stupor. He had always been a solitary, sensitive 
person. Although generally unobtrusive he was at 
times given to outbursts of fierce temper. At school he 
was said to have been “ rather lazy *’. Six weeks before 
admission he came home late one evening staggering 
around in a drooping posture. From that evening 

















onwards he changed progressively. He became very 
3 suspicious of people, refused to go out, and neglected 
a Bary his appearance. He felt people were looking at him, 
Le became tearful, and slept poorly. He became gradually 
3 3 2+ worse and on admission was found to be mute, resisted 
SN = passive movements, and showed flexibilitas cerea. He 
¥ ~ r (Untestable) was incontinent and had to be fed and generally cared for. 
2 = He emerged from the stupor when given 
2 ae Ir electro-convulsive therapy but remained 
ae | deluded and hallucinated. He was treated 
‘ with insulin coma but failed to improve 
0 L I L I i further after 34 comas, and on the 
| 2 3 4 5 6 7 8 9 10 parents’ request was discharged home. 
Phomac thresholds were estimated before 

Weeks E.C.T. was given (Fig. 4). 
Case 5.—A woman aged 18, suffering 
(UHI(III || TR from recurrent catatonia, was admitted 
: i 4a on April 11, 1952, because of ‘* peculiar 
Stupor behaviour” while on night-duty as a 

Fic. 2 student nurse. 
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solitary, selfconscious, and over-conscientious. She 
had difficulties in making friends, was given to 
swings of mood and sudden outbursts of temper. 
At school she was socially poorly adjusted. About 
two months before admission, following sexual inter- 
course, she developed irrational fears, and was unable 
to accept reassurance by her doctor. She appeared 
preoccupied and her standard of work fell off markedly. 
She became depressed and irritable and very slow. She 
had ideas about a trial to be imposed on her by outside 
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influences. On admission she was very slow in movement 
and speech and was depressed. During her stay in hospital 
she had five clearly delineated periods of disordered 
behaviour each lasting from 21 to 11 days, getting 
progressively shorter. Her behaviour during these 
periods was characterized by social withdrawal, 
depression, tenseness, and perplexity, which came on 
suddenly. She refused to talk to anyone and refused 
food. She resented intrusion and was negativistic. She 
had self-deprecatory and aggressive ideas. This behaviour 
subsided again over four to five days and she became 
bright, friendly, and cooperative for periods of 10 to 20 
days. There was no reliable evidence of thought 
disorder or hallucinations. In view of the somewhat 
atypical clinical picture a Rorschach test was given 
which showed obsessional as well as schizophrenic 
features. Having been free of attacks for two months 
she was discharged recovered. Phomac tests were 
carried out at weekly intervals in and out of the attacks 
(Fig. 5). 


Results 


The results are shown graphically in Figs. 1, 2, 
3, 4, and 5, the numbers corresponding to the case 
number. Except in Case 3 (Fig. 3) the Phomac 
thresholds show well marked variations parallel to 
the clinical state of the patient. It seems that when 
the patient is stuporose, the Phomac threshold is at 
a maximum, and when the patient is out of stupor 
or has recovered, the threshold is at a minimum or 
zero. The patient No. 3 does not fit into this pattern. 
The reason for this exception is not apparent to us 
with the data at our disposal. The remissions either 
occurred spontaneously, or were induced by con- 
vulsion therapy, the methods used being either 
E.C.T. or convulsions induced by photo-metrazol 
activation. 


Discussion 


Before proceeding to discuss possible ex- 
planations of these findings, it is necessary 
to answer the question whether the 
variations in the threshold could be the 
result of artefact. For example a false 
high threshold could be produced by a 
patient turning his head away. This 
would prevent the light stimulus from 
taking effect. It is well known that a 
stuporose catatonic patient is not the best 

Or most cooperative of subjects, and at 





9 times certain of them, notably Case 4, were 
most uncooperative, so that the test some- 
times had to be abandoned. However, 
the others (Cases 1, 2, 3, and 5) were 
generally cooperative so that artefact 
from this cause can, we think, be dis- 
counted. As far as the method is concerned, 
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the other variables were kept as constant as 


possible, and it is unlikely that threshold 
variations resulted from the method or apparatus. 

The next question is whether the threshold 
variation is specific for catatonic schizophrenia, or 
whether it is due to non-specific factors which can 
also be found in other conditions. The clinical 
state most nearly approaching catatonic stupor is 
depressive stupor. Here, too, there is a state of 
prolonged immobility and sluggishness of somatic 
function. We have estimated the Phomac threshold 
in patients during depressive stupor and our 
findings will be reported elsewhere. It was not found 
to be abnormally low as is often the case in catatonic 
stupor, nor was it found to vary in the course of the 
illness. 

The variation in the Phomac threshold therefore 
does not appear to be due either to artefact or to 
non-specific factors associated with stupor as such, 
but seems to be caused by some change in the 
central nervous system which is characteristic of 
catatonic schizophrenia. There is nothing very 
unlikely in this. In recurrent catatonia cyclical 
biochemical changes have been described since 
Gjessing’s (1932, 1938) observations on nitrogen 
metabolism in this condition. More recently the 
biochemical changes have been linked with cyclical 
endocrine changes and these in turn with E.E.G. 
changes (Rowntree and Kay, 1952). 

We may compare the observations in this study 
with similar observations in the literature (Hill, 
1948 ; Corriol and Bert, 1950). The patients in the 
present series had a relatively low threshold towards 
the end of stupor and it fell to a lower level or zero 
when they were in remission. The patient reported 
by Hill showed a marked tendency to E.E.G. 
abnormalities when activated by insulin. Hill 
injected a certain quantity of insulin intravenously 
on 16 occasions spaced out equally over the course 
of the illness which lasted 12 weeks. He then 
assessed the amount of paroxysmal activity in the 
E.E.G. over a constant period following the injection. 
He found that the amount of paroxysmal activity 
was greatest in the beginning and at the end of the 
stupor, when two spontaneous epileptiform con- 
vulsions took place. This finding, if translated into 
our terminology, would indicate that the patient 
had a relatively low insulin threshold in the beginning 
of his illness and just before and immediately after 
recovering from stupor. Hill’s observation would 
thus seem to be in agreement with the findings in 
this investigation as far as they are comparable. 
In comparisons with different activating agents 
some caution should be observed, since for example, 
it is known that the response of schizophrenics to 
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insulin may vary from time to time and may be 
abnormal. The patient of Corriol and Bert was 
sensitive to flicker, i.e., had a zero Phomac threshold 
in both stuporose and non-stuporose phases. In 
the stuporose phase the length of the time that was 
necessary to produce a convulsion by flicker stimu- 
lation was shorter than in the non-stuporose phase. 
Corriol and Bert concluded that their patient was 
less liable to convulse in the non-stuporose phase 
than in the stuporose. The change in convulsive 
threshold in this case takes place in the opposite 
direction of that of the authors’ patients and of 
Hill’s patient. Though it is not possible to give an 
explanation of this finding with the data available 
the following suggests itself. It is known that 
there are two types of catatonic patients, identified 
by Gjessing, in which the phases of nitrogen reten- 
tion and excretion are reversed at comparable clinical 
phases of ‘the illness. The same may apply to the 
convulsive threshold; in fact the two kinds of 
phenomena may be directly related to each other. 
In one type it may be raised during stupor and low 
during remission, and in another type the reverse 
may be the case. 


Conclusions 


Since knowledge of the mechanisms in the central 
nervous system both of Phomac and of catatonic 
schizophrenia is so meagre, it is not possible to 
draw firm conclusions about the relationship 
between variations in threshold and the clinical 
state. Nevertheless the authors believe that the 
observations in themselves are sufficiently interesting 
to be brought to the notice of other workers. 

This study reaffirms previous findings reported in 
the literature that the Phomac threshold in catatonic 
schizophrenia is lower than that of the normal 
population. It has to be pointed out, however, that 
this refers only to statistical means and that there is 
considerable individual variation. Although Cases 
4 and 5 do not show a low threshold during stupor, 
it does undoubtedly fall below normal during a 
remission. Even more interesting is the variation in 
the threshold during the course of the illness. The 
lowered threshold in non-stuporose stages of the 
illness is interpreted to mean that there is an in- 
creased tendency to discharge on the part of a 
central neuronal system when the patient emerges 
from stupor. Gastaut (1950) has suggested that the 
low Phomac threshold indicates a functional dien- 
cephalic disturbance. It would appeag that in the 
schizophrenic patients in this study restitution of 
normal function of the central nervous system, 
i.e., emergence from stupor, is associated with a 
lowering of the Phomac threshold ; that is to say 
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there is an increased tendency for a diencephalic 
mechanism to discharge. Although no direct 
evidence for such a view is at present in existence, 
it is very likely that a dynamic relationship exists 
between this tendency to discharge, as measured by 
the Phomac threshold, and the clinical state. The 
patient will emerge from stupor if a certain low 
threshold is reached and maintained. This hypo- 
thesis appears in agreement with the conclusions of 
Gellhorn (1943) and others who studied the changes 
in excitability in an autonomic regulating centre 
following successful physical treatment of schizo- 
phrenia. They deduced such changes from obser- 
vation of alterations in the function of the auto- 
nomic nervous system. Gellhorn concluded on the 
basis of his own work and that of others that in 
schizophrenia there is a variation in the reactivity 
or excitability of a central mechanism which 
functions through the sympathetico-adrenal and vago- 
insulin systems. Hill and others (1951) have produced 
evidence of a like nature. Both Gellhorn and Hill 
suggest that this central mechanism is a diencephalic 
autonomic centre. Gellhorn further suggests that 
the effect of physical treatment in schizophrenia is 
brought about by a stimulation of this centre, and a 
consequent increased excitability of the sym- 
pathetico-adrenal system. In this connexion it is 
interesting to note that in our series the threshold 
varies in the same manner no matter whether the 
remission occurs spontaneously as in Cases 2 and 5, 
or whether it is induced by convulsive therapy as in 
Cases | and 4. A mechanism of this sort may have a 
homeostatic function in relation to the rest of the 
central nervous system (Hill, 1952), and the cyclical 
endocrine and metabolic changes observed in 
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catatonic schizophrenia may be mediated through 
such a system. 
Summary 


The photo-metrazol threshold has been assessed 
repeatedly at different times in the course of the 
illness in five patients suffering from catatonic 
schizophrenia. The variations thus observed were 
related to the changing clinical state. 

In four patients the threshold fell as they emerged 
from stupor. 

It is suggested that the fall in threshold represents 
a rise in the excitability of a presumed diencephalic 
homeostatic mechanism, which can occur either 
spontaneously or be brought about by convulsion 
therapy. 


We wish to express our thanks to Dr. Denis Hill for his 
constant encouragement and advice, and also for his 
permission to carry out the investigation in his 
laboratory. 
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ELECTROMYOGRAPHIC STUDIES OF EMOTIONAL STATES 
IN NORMAL SUBJECTS 


BY 


P. P. NEWMAN 


From the Department of Physiology, School of Medicine, Leeds, 2 


Many methods have been described for assessing 
personality in both normal and abnormal popula- 
tions. Among these, the word-association test is a 
simple procedure, but of limited value in clinical 
diagnosis. In most individuals the emotional 
reaction to stimulus words may be successfully 
controlled, so that no visible reaction can be 
observed or accurately measured. Several modifica- 
tions have been proposed with a view to establishing 
the validity and usefulness of the test. Peterson 
and Jung (1907) correlated the reaction times of 
stimulus words with a pneumograph and the skin 
galvanometer. Luria (1932) measured the response to 
emotional situations by observing muscular activity 
recorded through a sensitive tambour ; the technique 
showed that muscular tension was directly related 
to subjective feeling. This principle was applied to 
the study of handwriting by Ruesch and Finesinger 
(1943), but later improvements in methods of 
investigation allowed more accurate measurements 
to be made than was possible by the study of pressure 
points in handwriting. Thus Lundervold (1952) 
did an electromyographic investigation of limb and 
trunk muscles to determine whether muscular 
activity was related to emotional excitement. His 
subjects were sitting down and using a typewriter. 
During periods of emotional tension action 
potentials were recorded continuously, but in 
relaxed subjects there was complete electrical 
inactivity, except when the keys of the typewriter 
were being struck. This is in accordance with the 
findings of Weddell, Feinstein, and Pattle (1944) who 
stated that no electrical activity could be recorded 
from a voluntary muscle which was completely 
relaxed. Liberson (1945) combined the word- 
association test with electroencephalography, and 
found that stimulating words were followed by a 
depression of alpha rhythm. The emotional value 
of different words could be measured against the 
persistence of this depression, and its duration 
corresponded to the reaction time of the subject. 


The correlation between emotional reactions and 
muscle tension was demonstrated by Davis and 
Malmo (1951), who recorded electromyographic 
changes during the interview of two patients with 
anxiety states. Leads were taken from forehead, 
neck, and arm muscles. In these subjects, headache 
was a predominant symptom, and they found a 
considerable rise of tension in the forehead muscles. 
The response to treatment was characterized by a 
general reduction of muscle activity recorded at 
later interviews. 

The present work was a development in technique 
in which surface electrodes were applied to the scalp 
as in electroencephalography. The electrodes were 
placed over the temporal muscle, as this was found 
to give better results than other areas of the scalp. 
In a relaxed subject only E.E.G. recordings were 
obtained, but in response to a stimulus word action 
potentials from the temporal muscle were recorded 
in addition, and the emotional value of different 
words could then be measured in terms of the 
electromyogram. One value of this method was that 
the assessment of different subjects could be 
standardized according to the amplitude, frequency, 
and duration of the muscle action potentials. 


Methods 


The subject was made comfortable in an easy- 
chair with arm rests. A warm temperature was 
maintained, and noise was eliminated as much as 
possible. Continuous records were taken on an ink- 
recording unit coupled with a cathode-ray oscillo- 
scope. The stimulating words were prepared from 
a modified Jung list, containing ‘* emotional ” 
and ‘* neutral” words in random order. Each word 
was repeated once and the subject was asked to 
concentrate on its meaning. There was an interval of 
15 seconds between each word. The _ subject 
remained silent, and the association method was 
not used. In some experiments, instead of using 
stimulus words, past emotional experiences of the 
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subject were reproduced by suggestion and an 
attempt was made to correlate the electromyographic 
responses with possible changes in CO, alveolar 
tension. Alveolar air was collected in sampling 
tubes, and the concentration of CO, was determined 
by the Haldane gas analysis apparatus. 


Results 


An unselected group of volunteers was examined 
by this method. Although many words were often 
followed by a depression of alpha activity, action 
potentials, recorded as muscle spikes, were the 
changes studied in the electroencephalogram. No 
muscle spikes were seen in the relaxed subject, but 
increased tension, resulting from a stimulus word, 
produced rapid oscillations in the tracing, due to a 
succession of action currents in the scalp muscles. 
The subject was unaware of this effect and showed no 
outward sign of emotion. 


Case Records 


Series A.—In this series a list of 100 words was 
read to each subject, and any action potentials 
recorded were correlated with the emotional value 
of the word. 


Case P. C.—This was an educated man, age 29, single. 
The electroencephalogram was normal, and no muscle 
potentials could be found in the record. There was, 
however, a depression of alpha rhythm lasting five to 15 
seconds following the stimulus words “angry”’, 
“excited ’’, and ** quarrel ’’ (Fig. 1). The eyes remained 
closed throughout the experiment. 

Although the words “excited”, “‘ anger”, and 
“ quarrel”’ were the only stimulus words giving a 
positive reaction, the subject could not recall any incident 
which might have thrown light on a past situation, or 
have given some insight into his personality ; this was 
not further investigated. 


Case I. G.—This subject was a technician, of average 
intelligence, age 19, and single. The subject reacted to 
the word “ speech ” showing a number of muscle spikes 
in the electroencephalogram (Fig. 2). The spikes 
persisted for 15 seconds until the next word of the test 
was given. Afterwards he volunteered the information 
that he disliked the idea of giving a speech. 


Case S. R.—This was a plumber, age 41, who was 
married. Reaction was obtained to the stimulus word 
“family ” (Fig. 3). It persisted for seven seconds. On 
repeating the word “fami'y” a similar action was 
recorded. None of the other stimulus words used 
produced muscle potentials. The subject was not further 
investigated. 


Case -. T.—This man was a schoolmaster, age 33, and 
married. Marked reactions were obtained with the words 
“hospital”, ‘‘ blood”, and “operation” (Fig. 4). 
Between each word several neutral words gave no 
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response. This subject stated afterwards that he had been 
involved in a motor cycle accident, in which a child 
had been seriously injured. 


Case J. O’B.—This subject was a typist, age 22, and 
single. Positive reactions were obtained for the stimulus 
words “skin” and “rash” (Fig. 5). The subject 
afterwards stated that she had suffered for many years 
from an allergic condition on her face. 


Case M. W.—In this subject, a housewife, age 25, 
reactions followed the stimulus words ‘‘ dance-hall ”’, 
** husband ”’, and “ fight ’’ (Fig. 6). The subject was able 
to recall an unpleasant incident that occurred three years 
previously when she was engaged to be married. 


The records taken in Series A showed that a 
stimulating word was followed after a short latent 
period of less than one second by a succession of 
muscle action potentials, which were superimposed 
on the electroencephalogram. A non-stimulating 
word had no such effect. The personal history of the 
subjects was not taken, but in a number of cases 
they were able to recall some incident which 
correlated closely with the myographic responses. 


Series B.—In this series, a continuous record was 
taken while the subject concentrated on a specific 
emotional experience. The following technique was 
adopted. The subjects were asked to name any 
object or situation that was particularly distasteful 
to them or one that aroused a feeling of passion, 
revulsion, or horror. These incidents were then 
described by the operator with the intention of re- 
enacting the scene or building up a vivid emotional 
picture. 


Case W. H.—A commercial secretary, age 26, married, 
had a particular dislike for spiders. The electro- 
encephalogram was normal and no responses were 
obtained to a word-list test. It was suggested that she 
saw a spider on a wall, that it suddenly jumped onto her 
leg, crawled onto her arm and neck, that it was a big, 
hairy spider, she was unable to brush it off, and finally 
that it was dead and out of sight. Fig. 7 shows the 
electromyographic response. The subject showed no 
visible signs of emotion. The pulse and respiratory 
rates remained constant throughout the experiment. 


Case G. S.—A medical student, age 22, was a highly 
strung individual, tense and emotional, especially before 
sitting for an examination. A record was taken during 
successive periods of suggested excitement and calm. 
Fig. 8 shows how the electromyographic responses can 
be repeated at will. 


Case L. H.—A housewife, age 36, had recently been 
discharged from the skin department of a hospital, 
where she had been treated for angioneurotic oedema. 
She had been free from symptoms for the past six months. 
A recurrence of the skin condition was suggested, and 
samples of alveolar air were taken during the course of the 
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Fic. 1.—E.E.G. showing depression of alpha rhythm following a stimulus word marked by the arrow. 
(a) “* Flower ’’—no depression ; (b) “‘ excited ’’—depression lasting 3 sec.; (c) “* anger ’’—depression lasting 5 sec.; (d) and 
(e) continuous record. Stimulus word “ quarrel”. Depression, 8 sec. 
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Fic. 2.—E.E.G. showing muscle action potentials. 
(a) Stimulus word “ girl-friend ”’—no reaction ; (b) stimulus word “ speech ’’—random spikes of low voltage. 
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Fic. 3.—Electromyogram from Case S.R. Right temporo-parietal lead. 
(a) Some neutral word giving no response ; (b) response following stimulus word “‘ family ”. 
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Fic. 4.—E.M.G. showing responses to neutral and stimulating words. 
(a) Neutral word. Note slight depression of alpha activity; (b) “ hospital”; (c) “blood”; (d) “operation”. In (d), 
muscle activity persisted for 15 seconds following the stimulus word. Stimuli marked by arrows. 
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Fic. 5.—E.M.G. from Case J. O’B. 
Stimulus words (a) “skin”—slight reaction; (b) “‘rash”—marked reaction; (c “‘love’”—no reaction; (d) “ passion”’—no 
reaction. 
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Fic. 6.—E.M.G. from Case M.W. Reactions to stimulus words (a) “ dance-hall” ; (b) “husband”; (c) “fight”. 
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Fic. 7.—E.M.G. from spider reaction test (Case W.H.). Continuous record ; read from left to right. 
(a) At the first arrow subject “‘ sees ” the spider, (b) spider “‘ jumps ” onto her leg, (c) “‘ crawls ” onto her arm and neck, (d) 
hairy spider, unable to brush it off, (e) spider is dead—second arrow, (f) out of sight, (g) subject relaxed. 
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Fic. 9.—E.M.G. from skin reaction test (Case L.H.). 
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Continuous record read from left to right. 
At the arrow in line a the appearance of a rash was suggested to the subject. 


Muscle action potentials appeared in the record 


following the stimulus word “rash”, and the spikes increased in number, frequency, and amplitude with further suggestion. 
The rash was described in detail (line b), covering the subject’s face (c), causing great swelling (d), and disfigurement (e), and 


finally disappearing completely (f). 


The emotional state induced in this experiment was measured by changes in pulse and 


respiratory rates, and in CO, alveolar tension, although the subject claimed she had been unaware of any emotional disturbance. 


record. Fig. 9 shows the E.M.G. 
analysis figures are given in Table I. 


TABLE I 
PHYSIOLOGICAL CHANGES ASSOCIATED WITH EMOTION* 


response ; CO, 




















Subject E.M.G. Tension Pulse Respiration 
L.H. | (Fig. 9) | (CO, %) | (per minute) | (per minute) 
Control a | 5-49 a. ts 
Suggestion on | b,c, d,e 2:95 90 | 21 
Suggestion off f 49 72 14 














*Mean figures from three samples 


Discussion 


In muscular activity, shortening or tension 
development may produce electrical changes, which 
can be recorded as muscle action potentials. These 
are diphasic or polyphasic responses, varying in 
frequency and amplitude according to the physio- 
logical state of the active muscle. Although skeletal 
muscle is normally under a slight mechanical 


tension even when at rest, no action potentials can 
be recorded from it in the relaxed state (Hoefer, 
1941). The electroencephalogram is thus usually 
free from muscle artifacts while the subject is relaxed, 
and scalp electrodes are used in common practice. A 
rise in tension of the scalp muscles, without any 
obvious movement, would not be noticeable to an 
observer and the subject is usually unaware of it. 
Tension changes, however small, can usually be 
detected by means of the electromyogram, and 
muscle spikes stand out quite clearly from the lower 
voltage rhythm of the cerebral cortex. The changes 
recorded in the active muscle fibres are limited to the 
vicinity of the electrodes. A slight increase in tension 
may produce a few action potentials, low in voltage, 
indicating that only a few muscle units are active. 
This is shown in Fig. 2, where random spikes appear 
after the stimulus word “speech” and have an 
amplitude of about 100 uV. With greater tension 
there is an increase in frequency and amplitude of 
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the spikes (Fig. 4) and a strong stimulus is usually 
followed by a burst of action potentials of very high 
amplitude (up to 1-5 mv.) and frequencies up to 60 
per second (Fig. 7). 

The depression of alpha rhythm by certain 
stimulus words (Fig. 1) was first analysed by 
Adrian and Matthews (1934) and occurs for most 
attention stimuli involving intellectual activity ; 
it may be correlated with the alpha block that occurs 
on opening the eyes. The only applicable significance 
concerns the duration of the block. The alpha 
waves were thought to be controlled by a subcortical 
pace-maker (Adrian and Matthews, 1934) and thus 
possibly related to subcortical nuclei involved in 
emotional responses. To test this relationship, 
Forbes and Andrews (1937) studied electro- 
encephalograms with simultaneous observations on 
skin resistance but found no significant relationship 
between the depression of alpha rhythm and the 
psycho-galvanic response of the skin. 

In contrast, the appearance of muscle action 
potentials is unmistakable evidence of increased 
activity in the muscle units underlying the electrodes. 
It remains to measure the degree of response, and to 
correlate these measurements with the emotional 
value of the stimulus words. In Series A normal 
electroencephalograms were obtained from all the 
subjects, and the records were relatively free from 
artifacts. Muscle potentials due to gross movements, 
e.g. coughing, yawning, are easily recognized. 
When the subject reacts to a stimulus word a weak 
reaction may give a few spikes only, but a strong 
reaction results in a persistence of the spike poten- 
tials for as long as the subject is able to concentrate 
or until another word is given. The potentials 
disappear when a neutral word is given but reappear 
when the stimulus word is repeated. It is suggested 
that the emotional value of a word is proportional 
to the persistence of the spikes. In Fig. 5 the response 
to the word “* skin” is seen to last three seconds 
and to the word “‘ rash” eight seconds. On the 
other hand the stimulus words “love” and 
“ passion ” evoke no response at all. 

In Series B the records illustrate a method for 
measuring the degree of response to emotional 
situations. 


Frequency.—The total number of muscle action 
potentials can be easily counted on the tracing 
which has a paper speed of 3 cm. per second. The 
frequency may vary throughout the tracing, being 
generally low at first and subsequently increasing to 
a high rate according to the intensity of the stimulus. 
The discharge rate of each muscle unit increases as 
the tension increases. This is shown in Fig. 7. The 
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spikes first appear with a frequency of 10 per second 
and soon reach a level of about 20 per second, 
which is then maintained. 


Number of Spikes.—With increasing muscular 
activity the number of action potentials increases and 
becomes visible on the electromyogram. The 
ink-recorder is not faithful for high frequency 
discharges so that many action potentials are 
probably integrated and the number consequently 
reduced. The frequency response of the new muscle 
groups runs parallel with the initial motor neuron 
discharge, so that increased frequency becomes 
evident in all the active muscle units with increasing 
stimulation. These two factors, increased frequency 
of discharge and the recruitment of more muscle 
units, are the physiological response to a rise in 
stimulus intensity and this may be considered a true 
reflection of the emotional response of the subject. 


Amplitude.—The size of the action potentials can 
be measured by reference to a calibrated input and 
it is seen that their voltage is much greater than that 
of the spontaneous cortical rhythm. Although the 
amplitude of a single motor unit does not vary 
with the intensity of the stimulus (Adrian and 
Bronk, 1929), when a record is taken from a large 
number of muscle units, using surface electrodes, 
the size of the action potentials apparently increases 
as many motor units will discharge in phase. This 
is demonstrated in Fig. 7. After the stimulus word 
‘** spider’ the amplitude of the initial spikes is 
about 150 microvolts. As the emotional events are 
described and more muscle units become active, 
the amplitude reaches 1-5 millivolts. These larger 
spikes are the first to disappear as the stimulus is 
withdrawn and the tension relaxes. © 


Duration.—When a muscle is stimulated the 
appearance of action potentials, after a brief 
latency, indicates activity in one or more muscle 
fibres. With continued stimulation an increasing 
number of motor neurons becomes active until 
a stimulation plateau is reached and recruitment is 
maximal (Fig. 9e). When the stimulus is withdrawn 
the electromyogram may remain unaltered for a few 
seconds, and then follows a gradual falling away of 
activity until relaxation is complete. The duration of 
the response is a sign of continued muscular 
activity and is proportional to the intensity of the 
stimulus. In this way the emotional value of the 
stimulus can be readily assessed. 

One of the most striking observations in all these 
experiments is the absence of other physical signs, 
which can be used with reliability. The subject is 
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usually unaware of any emotional disturbance. 
There are no obvious respiratory, vascular, or 
cutaneous responses which can be used as an index 
of response. In rare cases, where the emotion is deep 
or excites violent reaction, there may be increased 
depth of breathing and increased pulse and 
respiratory rates. This is demonstrated in Table I. 
During the height of the reaction the alveolar CO, 
concentration was lowered from 5-49% to 2:95% ; 
the pulse rate increased from 78 per minute to 90 per 
minute; the respiratory rate also increased. 
Changes such as these are not easily induced in 
normal subjects ; they do not compare in simplicity, 
reliability, or effective standardization with electro- 
myographic recordings. 

The value of the method in clinical diagnosis 
must depend upon the development of a systematic 
technique and this paper does not attempt to assess 
its status in relation to other psycho-diagnostic 
techniques. It is not a measurement of personality 
though it may help to determine certain hidden 
aspects of the personality. In Fig. 6 reactions are 
shown to random-spaced stimulus words which 
were clearly associated without any concious control 
by the subject. The method has been limited to 
emotional states in normal subjects, and further 
experiments applied to abnormal populations may 
reveal useful information. Interpretation of the 
tracings requires no particular skill and is devoid of 
complexities of data, mathematical calculations, or 
conflicts arising from the personality of the examiner. 
The validity of electromyographic responses need 
not be questioned as they are based on recognized 
physiological principles concerned with the func- 
tional activity of skeletal muscle. The results of the 
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present experiments indicate, therefore, that physio. 
logical tension in muscle is increased in emotional 
states and this tension can be recorded by electrica| 
means. It remains for further experiment to deter. 
mine the relation between the central mechanisms 
involved in mental activity and the peripheral 
muscular response. Such experiments should help 
to elucidate the neurophysiological basis of many 
concepts of function associated with emotion. 


‘Summary 


A method is described for recording emotional 
responses in normal individuals. Leads are taken 
from the temporal muscles. In relaxed subjects an 
electroencephalogram is recorded, but with appro- 
priate stimuli ; an electromyogram is superimposed 
on the tracing. 

The degree of response is related to the frequency, 
number, amplitude, and duration of muscle action 
potentials. 

Conscious control by the subject is minimal and 
insight may be gained into hidden aspects of 
personality. 

The reliability and validity of the method are 
indicated and its value in diagnosis and research 
discussed. 
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Studies in Traumatic Epilepsy. Part 2: Focal Motor and Somatic Sensory Fits: A Study of 85 Cases. By W: 


The Radiological Appearances of Agenesis of the Corpus Callosum. By Philip Sheldon and Anthony Peyman. 


A number of copies are still available and may be obtained from the Publishing Manager, British Medical 


Association, Tavistock Square, W.C.1, price 12s. 6d. 
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The Collected Papers of Adolf Meyer. Edited by 
Eunice E. Winters. 4 vols. (£12 Os.) Baltimore: 
Johns Hopkins Press (London : Geoffrey Cumberlege). 
1952. 


Adolf Meyer’s reputation has suffered a decline 
during the last twenty years such as is more commonly 
the fate of distinguished writers than of physicians and 
scientists. Meyer was a powerful force in bringing 
psychiatry out of its isolation and raising its esteem among 
all classes of the community in the United States, his 
adopted country. As a teacher, with a coherent theory, 
clinical thoroughness and a good scientific background, 
he trained a series of men who became the leaders of 
American and English psychiatry. The younger genera- 
tion of psychiatrists, however, who had no direct contact 
with him, find it hard to account for the enormous 
respect paid him by their seniors. The explanation for 
this change in esteem probably lies in the contemporary 
emphasis on active treatment, which has moved the focus 
of interest to psychoanalysis and empirical physical 
procedures, whereas Meyer diffused his therapeutic, like 
his scientific concern, over a much wider range, 
commensurate with his philosophic conception of the 


- forces that determine human behaviour and the means 


through which they work. The four volumes of his 
scattered writings, now piously collected, attest the 
width and the penetration of his contributions. He 
wrote no books, so it is in papers, addresses, and reports 
that his former pupils can recapture his teaching, and 
others who wonder at his prestige can see how solidly it 
was based. The first volume, on neurology, is in the 
classical tradition: studies in the neuroanatomy of 
reptiles and man, aphasia, cerebral trauma and neuro- 
pathology combine exactitude with originality and 
critical grasp. The other volumes, dealing with particular 
aspects of psychiatry—education, mental hygiene, and 
clinical problems—are a compendium of the growth of 
this branch of medicine in the twentieth century. They 
are a fitting memorial to the man who did so much to 
promote that growth. 


Pain Sensations and Reactions. By J. Hardy, Harold 
G. Wolif, and Helen Goodell. Pp. xvi + 436; 130 
illustrations, 20 tables. 50s.) London: Bailliére, 
Tindall & Cox. 1953. 


This is a well presented account of existing knowledge 
regarding pain and its reactions by a group of workers 
who have made many important contributions to the 
Subject. Of special interest is the account of many 
factors which can be used experimentally to alter pain 


thresholds. These include the effect of repetitive 
stimulation, competitive pain, mental distraction, and 
hypnosis. 

The study of pruritis, itching, and tickle sense in relation 
to the factors which alter threshold is also important, 
for these sensations also seem to be subserved by pain 
mechanisms. The importance of the “‘ feeling state” in 
relation to pain, the central excitatory state and the 
effect of frontal leucotomy are critically discussed. This 
book should be read by those who study painful 
conditions. 


Some Problems in Neurophysiology. By F. Bremer. 
(Pp. 79 ; 32 illustrations. 21s.) London: The Athlone 
Press. 1953. 


This small volume has its origin in the three lectures 
given in May 1950 on (1) synaptic transmission, inhibition 
and auto-rhythmicity in the spinal cord; (2) the 
physiological basis of electro-encephalography, and (3) 
the auditory area of the brain, an oscillographic study of 
its activity. The author provides an authoritative 
presentation ofsome modern neurophysiological problems 
in language which clinicians can understand, and which 
they will study with great advantage to their endeavours 
to keep up with current research. 


Die Nachkommen Geisteskranker Elternpaare. Der 
Einfluss endogener Elternpsychosen auf die Psychosen, 
Charaktere und Lebensschicksale ihrer Kinder. By 
Giinther Elsdsser. (Pp. 340: 38 diagrams. DM. 30.) 
Stuttgart : Georg Thieme. 1952. 


This valuable study was carried out in Bonn. All 
persons admitted to any mental hospital or “ nerve 
clinic’ in the Rhineland since 1825 were reviewed, to 
discover instances of joint or conjugal psychoses. An 
exhaustive analysis yielded 695 instances in which both 
husband and wife had had some psychiatric illness. 
From these were extracted 14 pairs where a schizophrenic 
had been married to a schizophrenic, four where manic- 
depressive had married manic-depressive, four where 
manic-depressive had married schizophrenic, and 15 
where the endogenous psychosis in one or other of the 
partners was of an atypical form. The case histories 
of these 74 parents and of their children and grand- 
children are given, and the findings critically examined to 
determine what light they throw on the strength of the 
hereditary factor in endogenous psychoses. The outcome 
indicates that the affected children of parents who are 
both schizophrenic exhibit the same type of disorder, and 
that likewise if both parents are manic-depressive, the 


209 














210 





affected children will be manic-depressive also. The 
product of ‘ mixed’ marriages show a corresponding 
mixture of morbid types in the offspring. This result is in 
clear opposition to the concept of the Einheitspsychose 
and to the psychoanalytic view sometimes nowadays 
put forward, which denies a genetic identity to each of the 
two main types of disorder in question. Professor 
Elsasser’s statistical data about the proportions of 
affected children, however, are in opposition also to the 
bolder or simpler claims about the hereditary trans- 
mission of these disorders, for he finds that the propor- 
tions of children affected are between 30 and 40% and 
therefore appreciably less than Mendelian rules would 
lead us to expect if it were a matter of simple 
recessivity in schizophrenia and simple dominance in 
manic-depressive psychosis. The author does not 
consider fully the alternative explanations which have 
been or might be put forward, but concentrates rather on 
the striking similarity in clinical form between the illnesses 
of parents and children, and on the high proportion of the 
non-psychotic children who appeared, on careful 
investigation, free from any morbid traits. The detailed 
protocols and the strict evaluation of findings in this 
careful inquiry make it a notable contribution to an 
important and somewhat neglected subject. 


Die Korperlichen Behandlungsverfahren in der Psy- 


chiatrie: Band 1: Die Insulinbehandlung. By Max 
Muller. (Pp. viii + 295; 4 figures. DM 36.-.) 
Stuttgart : Georg Thieme. 1952. 


The author, who is Professor of Psychiatry in the 
University of Bern, is well known for his personal 
contributions to the theory and practice of somatic 
methods of treatment in psychiatry. The first volume of 
the present textbook is concerned solely with insulin 
treatment, but one or more later volumes are to be 
expected in which other methods will be dealt with. If 
the later volumes maintain the very high standard shown 
by this first one, a service to psychiatry will be rendered 
which will be of the greatest value. 

Although short reference is made to various modifica- 
tions of insulin treatment, some of which have very little 
to do clinically with the main subject, the work is almost 
solely concerned with insulin coma treatment in 
schizophrenia. The approach is systematic and practi- 
cally exhaustive, dealing in turn with technique, the 
pathophysiology and psychopathology of treatment, 
results, prognosis and indications, and, finally, the 
various theories which have from time to time been put 
forward to explain the extraordinary fact that favourable 
results are actually obtained. 

The author’s approach is conditioned not only by wide 
reading and study but also by great personal experience, 
and shows balance, self-criticism, and sense of proportion. 
In the distracted and controversial atmosphere which 
unfortunately prevails throughout this field, this book is 
one of few of which so much could be said. It has a very 
full bibliography and will be of value not only to the 
practical therapist but to all psychiatrists who can read 
the author’s clear and easy German. 
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Die Neurose als Reifungsproblem. By W. Kretschm:r, 
Jr. (Pp. 92. D.M. 10.80.) Stuttgart : Georg Thieme. 1952, 


Sixty neurotic women who attended the Tiibingen 
psychiatric clinic between the years 1946 and 1948 are 
the subject of this inquiry. The age range was 20 to 42: 
only 10 were married; the majority were hysterics, 
They were examined for physical and mental signs of 
immaturity. The conclusions drawn by the author are 
that there is a high correlation between retarded develop- 
ment and the occurrence of neurotic illness, and that this 
constitutional defect plays an undoubted part, probably 
as a predisposing factor, in the causation of such illness, 
Though the outcome of the study is probably sound, 
since it conforms to a widely held clinical tenet based 
on much clinical observation (especially of hysterics), 
the method of examination, the criteria, and the controls 
in this work leave much to be desired. 


Das Autogene Training (Konzentrative Selbstents- 
pannung), 7thed. By J. H. Schultz. (Pp. 344; illustrated. 


DM. 28.50.) Stuttgart: Georg Thieme. 1952. 
Bionome Psychotherapie. By J. H. Schultz. (Pp. 
186; DM. 11,70.) Stuttgart: Georg Thieme. 1951. 


Dr. Schultz published his first textbook of psycho- 
therapy in 1919, and in 1932 the first edition of his 
account of ** autogenic training’. In its seventh edition 
the latter book represents, as he points out in the Preface, 
nearly 50 years of personal experience. He has elaborated 
during this time his technique of relaxation, which has 
many points of resemblance with Jacobson’s method, 
but makes greater claims and is closely linked to a body 
of German teaching and speculation about psychophysi- 
cal relations.. Some of this theorizing will be unfamiliar 
and probably unacceptable to English readers, but the 
detailed account of the procedure which Dr. Schultz 
employs, with undoubted success, in the treatment of 
anxiety states and other neurotic and “* psychosomatic ” 
disturbances will be welcome. It is a method which 
Kretschmer has warmly espoused. 

Dr. Schultz’s book on bionomic psychotherapy is a 
rather discursive, semi-philosophical essay, such as 
thoughtful psychiatrists seem impelled to write towards 
the end of their active career. 


Direct Analysis. 
(Pp. 184; $3.75.) 
1953. 


The highly unconventional methods of treating 
schizophrenia employed by Dr. Rosen created much 
interest and much doubt when he reported them first 
in 1946. The interest arose from the audacity of the 
methods, their strong but unorthodox psychoanalytic 
component, and the success reported in patients with 
long-standing disorder and much deterioration of 
conduct. The doubts were excited by the same features, 
especially the last. Since then Dr. Rosen has acquired 
fuller psychoanalytic training and a more confident 
technique of treatment: his initial successes have 
apparently been confirmed by later inquiry and he has 


Selected Papers by John N. Rosen. 
New York: Grune & Stratton. 














ols 


1{S- 
ea, 


Sl. 


ho- 
his 
ion 
ce, 
ted 
has 
od, 
dy 
/Si- 
iar 
the 
tz 

of 


ich 


en. 
on. 


ing 
ich 
rst 
the 
tic 
ith 


es, 
‘ed 
ont 
ive 
1as 





EAI 7 Dow 





PORTIA Sieg 


added to them in the last few years, but on this score 
independent corroboration would be desirable. His 
main technique is direct interpretation; he assumes 
various roles, in conformity with the unconscious needs 
and emotions which he divines behind the patient’s 
utterances and movements, and he believes that in all 
these roles he represents the mother of his patient who has 
regressed to the suckling stage of infancy. In the first 
chapter of the book Dr. Rosen describes his technique in 
detail, and in subsequent chapters gives verbatim 
accounts of what he and the patient said ; the extreme 
boldness of his interpretations would be more than most 
psychiatrists would venture upon, even if they were 
psychoanalysts. The test of any therapeutic procedure, 
however, lies not so much in its theoretical soundness or 
in its rationale as in its effects upon the illness : Dr. Rosen 
claims that with his treatment “ hopeless cases have 
changed, recovered and taken their places in society ”’. 
Whatever: the reader may conclude about the therapy 
and the book, the former deserves a factual clinical 
report about the condition before treatment, and after it, 
of all the patients under Dr. Rosen’s care, and the book 
deserves to be read as an illuminating description of what 
one enthusiastic psychoanalyst does in the initial 
treatment of severe and advanced schizophrenia. 


Das Problem der Schizophrenie. Analytische Psycho- 
therapie und Psychose. (Pp. 308; DM. 27.-.) By H. 
Schultz-Hencke. Stuttgart: Georg Thieme. 1952. 


This book can only be appraised against the back- 
groundeof German psychiatry in this century. During its 
vigorous and flourishing clinical phase, of which 
Kraepelin was the embodiment, with all the emphasis on 
analysis of form and function rather than on content and 
psychological treatment, it was self-sufficient and there- 
fore indifferent to what went on in other countries. 
This book represents a belated protest against that 
standpoint. Its main theme reads like that of many 
American and English texts between the wars, with their 
“dynamic ”’ orientation, their discreet use of psycho- 
analytic concepts, and their plea for psychotherapy on a 
broader front. Dr. Schultz-Hencke, however, believes 
that he is a voice in the wilderness, preaching an advanced 
doctrine which may jeopardize his reputation. He does 
not appear to be a psychoanalyst now in the strict 
Freudian sense, nor to have used orthodox psycho- 
analytic methods for the treatment of the schizophrenic 
woman whose record takes up nearly half the book. 
His thesis is that psychological factors are as important 
in the genesis of schizophrenia as of neuroses; in 
developing it he takes occasion to examine the nature 
of neuroses, the changing views of schizophrenia put 
forward since Ideler’s time, and some prophecies of his 
own about the future of psychiatry. 


Reaction Organique 4 l’Agression et Choc. By H. 
Laborit. (Pp. 205; 17 figures. Fr. Frs. 1,250.-.) 
Paris: Masson et Cie. 1952. 


This book may be regarded as a French variation 
upon the stress theme, with “‘ post-aggressive oscillating 
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reaction” as the substitute for “‘ general adaptation 
syndrome”. The author puts his case ingeniously 
with a wealth of references and some observations of his 
own: but the effect is rather unconvincing. He has 
applied his theory to the prophylaxis and treatment 
of post-operative shock : his chief emphasis here is on 
“artificial hibernation”, brought about by general 
refrigeration and by what Dr. Laborit frankly calls a 
** medicinal cocktail ’’, of which the chief constituent is a 
recently synthesized drug, of unstated chemical composi- 
tion, which produces a similar effect to hexamethonium. 
This therapeutic procedure has the powerful endorsement 
of Professor Leriche, who says in his eulogistic preface 
that it is a revolutionary advance, with a great future. 
But there is room for doubt. 


Dynamic Psychiatry. Edited by Franz Alexander and 
Helen Ross. (Pp. 579; 75s.) London: Cambridge 
University Press. 1952. 


This book bears confident testimony to the dominance 
of psychoanalysis in American psychiatry. The outlook 
of the writers is not as uncompromising as that of 
English psychoanalysts, nor the theory as abstruse, but 
the assured faith that psychoanalysis provides the true and 
essential basis for psychiatry is that of psychoanalysts 
everywhere. The contributors differ, as is inevitable 
when there are 15 of them, in emphasis, style, and attitude, 
but the differences are far less than might have been the 
case if the school centred on Franz Alexander had not 
been so strongly represented: two-thirds of the book 
have been written by Chicago contributors. For them, 
as for most American writers, ‘“‘ dynamic ”’ is a word of 
potent virtue. The relative moderation of the claims of 
Alexander and his pupils is evident in many of the 
chapters. The first part of the book describes psycho- 
analytical concepts and their history ; the second the 
psychoanalytical view of clinical psychiatry; and the 
third the influence of psychoanalysis on medicine, 
social anthropology and “‘ current thought ”’. 


History of American Psychology. By A. A. Roback. 
(Pp. 426; illustrated. $6.00.) New York: Library 
Publishers. 1952. 


The immense development of psychology in America 
fully justifies the preparation of this interim history. 
Dr. Roback, who has been an active contributor to the 
subject for 40 years, is well fitted to write what is, in 
effect, a contemporary account of men and trends 
during a period of rapid expansion. His language is 
lively yet discriminating, his personal bias clearly 
expressed and reasonably well under control, his 
arrangement of the complex material lucid, his survey 
comprehensive. 

Though the book is less scholarly and well-documented 
than E. G. Boring’s exemplary ‘‘ History of Experimental 
Psychology,” its scope is wider and it has a more personal 
tang. Many of its judgments will doubtless be modified 
in a longer perspective, but for the outsider who wants to 
understand the diversity and growth of American 
psychology it is an informative guide. 
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Psychiatry To-day. By David Stafford-Clark. 
304 ; 2s. 6d.) London: Penguin Books. 1952. 


So many attempts have been made to present modern 
psychiatry to an avid public that a newcomer must 
write exceptionally well and control his subject matter 
with exceptional mastery if he is to justify his entry 
into this over-populated territory. Dr. Stafford-Clark 
meets these requirements. His book is a highly readable, 
illuminating, and sound presentation of psychiatry, free 
from jargon, dogmatism, or pretension. On controversial 
subjects, such as psychoanalysis, he is outspoken but 
fair ; on the wider implications of psychiatry, as he sees 
them, he expresses a sincere personal point of view and 
on the present limitations of this branch of medicine he is 
candid without being depreciatory. The book is a valuable 
summary, somewhere between a textbook and a layman’s 
guide ; it is in many ways well suited to the needs of 
medical students, and perhaps of some neurologists and 
neurosurgeons. 


(Pp. 
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Principles of Intensive Psychotherapy. By Frieda 
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Parkinson’s Disease and its Surgical Treatment. By 
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The History and Development of Neurological Surgery. 
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Lectures on the Scientific Basis of Medicine, Volume 
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Encyclopaedia of Aberrations: A Psychiatric Hand- 
book. Edited by Edward Podolsky, with Foreword by 
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DM. 15.—) Stuttgart: Georg Thieme Verlag. 1953. 


The Living Brain. 
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